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Chapter 1

The Licel Multispectral Lidar Detector

1.1 Overview

The Licel Multispectral Lidar Detector allows simultaneous detection of multiple spectrometer wave-
lengths. It is based on a multianode, metal-channel-dynode photomultiplier. 32 photocathode ele-
ments together with 32 single photon counting systems provide 2-dimensional, spectral and range
resolved data.
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Figure 1.1: Licel Multispectral Lidar Detector

The high voltage supply, an adjustable discriminator and the trigger logic is integrated on the module.
The Ethernet interface is used together with LabVIEW software to control the measurement and
readout the acquired data. The Licel Multispectral Lidar Detector can be used with various flat field
spectrographs.

1.2 The Counter

The counter contains a microcontroller which receives its commands over the Ethernet. It will set
the high voltage for the PMT and the discriminator level. It will transmit the averaged time resolved
spectra over the Ethernet to the PC.

The 32 channel counter receives the raw anode signals from the PMT. It also provides the software
controlled high voltage for the PMT. The 32 raw signals are then amplified and fed in to the discrimi-
nator. The threshold level is software controlled. Behind the 32 discriminators are 32 counters which



Detector

will count the single photons for each channel individually.

Beginning with an external trigger the counts of all 32 channels are recorded. A fixed quartz based
time base will be used to read out all 32 counters in parallel. The microcontroller will average the
spectra over multiple trigger events. Once enough data has been acquired the summed up spectra
will be transferred to the PC.

1.3 Detector

The module is based on a Hamamatsu H7260 Multi Anode photomultplier. 32 photocathodes, each
0.8 mm x 1 mm have their own dynode structure to amplify photoelectrons from each cathode strip.
The mechanical outline is shown in fig. 1.2.
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Figure 1.2: Mechanical outline of the detector cathodes

1.3.1 Spectral Response

The module can be equipped with -03, -200 and -20 type cathodes. Below 300 nm the -O3 is
prefereable. Above 600nm the -20 tube should be used.
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Figure 1.3: Spectral response




Detector

1.3.2 Gain characteristics

Like in individual photomultipliers, these dynode chains vary with respect to their individual gain-
voltage behavior. The gain of each cathode strip depends on the voltage setting and on these gain
characteristics. The pulse height distributions for all dynode chains at 900 V and 950 V are shown in

the plots below.
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Figure 1.4: Pulse height distribution at 900 V
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Figure 1.5: Pulse height distribution (zoomed) at 900 V
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Figure 1.6: Pulse height distribution at 950 V
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Figure 1.7: Pulse height distribution (zoomed) at 950 V

1.3.3 Crosstalk

Two different effects are responsible for crosstalk effects in a multispectral application using the Licel
SP-32 detector assembly at the spectrometer image plain.

1. Straylight from the grating. In a single grating spectrometer typical straylight levels are in the
order of 107%.

2. Amplification of photoelectrons from neighboring photocathodes. If photoelectrons are emitted
towards the neighbouring dynode chain, these photoelectrons can be amplified by the "wrong”
dynode chain. For the H7260 detector this probability is 3% for the adjacent channel and 0.6%
for the n+2nd channel.

3. Saturation effects will occur when too many photoelectrons or amplified secondary electrons

8
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are created to be amplified by the individual dynode chain. As soon as one dynode chain is
saturated, the electric field towards the next dynode will decrease and the neighboring dynodes
will amplify these electrons. In fig. 1.8 a square wave pulse, saturating dynode chain #16 and
#17 appears on all dynodes. Increasing the light level even further leads to crosstalk effects
on all dynodes at the beginning of the square wave pulse, followed by a breakdown of the
amplification chain. This is demonstrated in fig. 1.9.
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Figure 1.8: Display for a square wave pulse, saturating dynode chain #16 and #17 appearing on all
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Figure 1.9: Example for crosstalk effects on all dynodes at the beginning of the square wave pulse,
followed by a breakdown of the amplification chain

The max. average current per anode is 6uA. This corresponds to 12.5 x 10° photoelectrons per
second at +850 V (3 x 10° gain). Like in other photomultipliers the max. average current value can
be exceeded for a short period of time, but exceeding this value by more than a factor of 10...20
is not recommended to avoid saturation effects as described above. This means that light levels
corresponding to single photon count rates of 125MHz to 250MHz should be avoided.

1.3.4 Detector Homogenity

Typical sensitivity variations for the Hamamatsu H7260 detectors are shown in the H7260 series
datasheet attached here. The individual gain variations for the detector ZB1487 are shown in fig.
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1.10. This sensitivity curve has been determined by illuminating the detector through a Newport

MS125 spectrometer and varying the incident angle of the grating. The measurement was taken at
HV 900 V and a discriminator setting of 4 and 8.
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Figure 1.10: Individual sensitivity of the 32 cathode portions including their dynode chain

1.3.5 Photon counting dead time considerations

In High Resolution Mode the bin width is 625 ps. This is shorter than the time a single photon pulse
is below the threshold level.

binary reading
loloJolo|1|o]o|ofo|o]o|olo]olo]o|1]o|o]o]o]o0]

] [

—~ — ~ — discriminator level

below threshold

single photon pulse

If a rising redge of the discriminator pulse is detected the photon count for the corresponding
range bin gets incremented by one

If two photons come so close that the discriminator does not go off, only one photon count gets
incremented.
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binary reading

lolo]olo]1]ofo|ofo|o]o]o]
below threshold

— —
—

~ — discriminator level

dual photon pulses

So while the binary resolution is at 625 ps due to the finite width of the photon the dead time
correction will work with a dead time of 2.4 ns.

The pulses arrive stochastic, the typical distribution for a constant light source is a Poisson distri-
bution. Regardless of light intensity there will be always a situation where two pulses overlap.

This situation can be described by theoretical model, which allows to estimate the dead time
losses.

The Licel photon counter can be best described by the nonparalyzable model. For a detailed
discussion of the theory of photon counting dead time correction please see the excellent paper: D.
P. Donovan, J. A. Whiteway, and A. I. Carswell, "Correction for nonlinear photon-counting effects in
lidar systems,” Appl. Opt. 32, 6742-6753 (1993).

Nonparalyzable System

S
N=— 1.1
1+ S5*74 (1.1)
N - isthe observed count rate
S - isthe true countrate
T4 - isthe system dead time
The nonparalyzable case can be easily inverted to
N
= 1.2
s 1—N=x*x1y (1.2)

This is only a theoretical model, which is valid for lower count rates but fail when S x 7, becomes
larger than one. From a numerical point of view Eq. 1.2 can be only applied to a signal as long as
1

N < Td (1 3)
But from a standpoint of how applicable the theory is, the requirement is that
NxT1g<<1 (1 4)

As an example the correction factor for a time constant of 2.4ns and a observed count rate of 5
MHz is 1.012 and for 50 MHz 1.13.

At a observed countarte of 230MHz this correction factor becomes 2.35 and Eq. 1.4 becomes
0.54 which is far from being significant less than one.
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Chapter 2

Hardware Installation

The Licel Multispectral Lidar Detector consists of the following equipment:

1. power supply unit

detector & electronics housing

mounting flange (premounted at the detector & electronics housing)
DC power cable (Lemo 7 pole)

TEC cable (Lemo 4 pole)

line cable

Ethernet cross link cable

® N o o >~ w0 N

trigger cable (Lemo CAMAC to BNC coaxial)

2.1 Power Supply Unit
The power supply cassette can be integrated to standard 19” form factor systems. The line connector

is located at the rear side. The power switch, the control LED, and the DC output connector are on
the front side.

12



Detector & Electronics Housing

Figure 2.1: Front (left) and rear sides of the power supply cassette

2.2 Detector & Electronics Housing

The detector & electronics housing contains the 32 channel detector, the 32 channel counter and the
network interface. On top the DC input connector (7 pole Lemo), the network reset switch, the trigger
input (Lemo CAMAC), and the Ethernet connector (RJ45) are located as seen in the figure. The 4
pin Lemo connector is for future shutter extensions.

Figure 2.2: Detector & electronics housing

2.2.1 Mechanical dimensions

13



Mounting the Detector & Electronics Housing
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Figure 2.4: Top View

2.3 Mounting the Detector & Electronics Housing

To connect the detector & electronics housing to the spectrometerthe mounting flange is used.
Mounting flanges for several spectrometers are available. The appropriate mounting flange must
be specified when ordering the Licel Multispectral Lidar Detector.

The mounting flange

* is already premounted at the detector & electronics housing

* makes sure that the photocathode plane of the detector lies in the focal plane of the spectrom-
eter

 uses O-ring seals at it's mounting surfaces
* has prepared holes and/or threads for mounting at the spectrometer.

Please make sure that daylight illumination of the detector is carefully avoided during mount-
ing. The holes and/or threads of the mounting flange have to be aligned to the spectrometer’s threads
and/or holes. Then it must be carefully screwed.

14



Cable Connections

2.4 Cable Connections
The following cable connections are required:

1. line connection to the rear side of the power supply unit (line cable included)

2. DC supply connection from the front of the power supply to the detector & electronics housing
(Lemo 7 pole cable included)

3. trigger input from a trigger source to the trigger input at the detector & electronics housing
(Lemo CAMAC to BNC cable included)

4. Ethernet connection to the detector & electronics housing. A cross link cable for a direct con-
nection to the computer is provided. A straight patch cable is required when connecting to an
Ethernet switch or hub.

15



Chapter 3

Software Installation

Licel provides a package of software modules for setting up the Licel Multispectral Lidar Detector for
network operation, and for operating the Licel Multispectral Lidar Detector. These software modules
are written in LabVIEW’s G language. The software is provided as LabVIEW source for users who
have LabVIEW (beginning with version LabVIEW 2010) installed, or alternatively as a set of Win-
dows applications. The Windows applications come within a Windows Installer package for an easy
installation on your Windows (2000|XP|Vista) computer. Licel provides the software on a CD ROM.

3.1 Preparation

Windows Application Users

If you have used older versions of Licel Windows applications it is recommended to backup existing
initialization files (* . in1i).

Search the installation directory of the older version of Licel Windows applications (standard:
<Program Files Directory>\Licel) and backup all files with the ending = . ini to an archive
file (zip, ARJ, TAR, etc...) or onto a CD ROM.

LabVIEW Users

If you have used older versions of Licel LabVIEW libraries it is necessary to remove and backup older
versions.

1. Backup all your current Licel software libraries, in case you want to restore them, by either
compressing them (zip, ARJ, TAR, etc...) or burning them onto a CD ROM.

2. Scan your disks to find all versions of the following directories (or files with similar names if you
migrate from an older version of Licel’s Acquisition Software) and delete them once you have
made backups of them. Delete all other 1.1.B files.

. project\PM32Channel_src.lvproj
source\AdvancedViewer.1llb
source\Datafile.llb
source\LicelAcquis.1llb
source\LicelFile.llb
source\LicelGraph.1l1lb
source\LicelModule.llb
source\LicelTCPIP.11b
source\LicelTCPIP_API.1llb
source\LicelUtil.1l1lb

O W O Jo U WD

=
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The Licel CD ROM

11. source\PMT32Channel.llb

12. source\PMT32ChannelPulse.llb
13. source\PMT32Viewer.llb

14. source\Search Controllers.llb

Please note: Licel may have provided individual software solutions with additional or less direc-
tories and/or LabVIEW library files than noted in the list above.

3. Search the directory your older version of Licel LabVIEW libraries reside and backup all initial-
ization files (. ini).

3.2 The Licel CD ROM

The standard CD ROM provided by Licel contains both, the LabVIEW sources and the Windows
Installer for installing the Windows applications, and furthermore a documentation folder. Licel may
add customer specific components on the CD ROM.

1. Insert the Licel CD into your CD ROM drive.

2. In Windows 10 you will normally be notified by a pop-up message at the bottom right corner of
the main monitor.

Please click on the pop-up message.

3. The following selection dialog should appear:

DVD RW Drive (D:) Licel Sof...

Choose what to do with this disc.
Install or run program from your media

uce] Install Licel Software
Publisher not specified

Other choices

Open folder to view files
File Explorer
. Take no action

In older Windows operation systems a similar dialog will automatically come up.

 Press Install Licel Software to start the Windows Installer which will guide you through the
installation of the Licel Applications. Please proceed to the section 3.3.

» Press Open folder to view files to start the File Explorer (Windows Explorer) to see the
content of the CD:

17



The Licel CD ROM

| = Drive Tools ~ DVD RW Drive (Dt) Licel Software — O X
“ Home Share View Manage 9
A ™ 5 ThisPC » DVD RW Drive (D:) Licel Software » ~ @ | Search DVD RW Drive (D:) Licel Softw.. @
A
G Mame Date modified Type Size
# Quick access
I Desktop ~ Files Currently on the Disc (6)
‘ Downloads C Files 2/1/2019 417 PM File folder
R " Docu 2/ 194:17 PM File folder
% Documents
Installer 2/ 417 PM File folder
Pict
= ritres LabVIEW Files 2 417PM  File folder
= Shared Folde: 42| autorun 2/ 19412 PM Setup Information 1 KB
‘@& OneDrive _laiffi licel 6/10/2005 10:11 AM  |con 2KB
[ This PC
J 3D Objects
[ Desktop v < >
6 items =

— The LabVIEW source files are located in the folder LabVIEW files. From there you
may copy them to a directory of your choice on your local PC.

! 1~ = | Drive Tools  DVD RW Drive (D:) Licel Software — O *
Home Share View Manage 9
4N <« DVD RW Drive (D¢) Licel Software » LabVIEW Files » v @ Search DVD RW Drive (D:) Licel Softw... @
2 MName Date modified Type Size
Downloads ) )
$ ~ Files Currently on the Disc (4)
J’! Music
pi Files 2/1/2019 417 PM File folder
t
= ietures project 21/2019 417PM  File folder
m Videos source 2 File folder
= 0s(C) |= Installation Text Document 2KB
4 DVD RW Drive (C
C Files
Docu
Installer
LabVIEW Files + « >
4 items =

Please note the remarks according to existing LabVIEW library files. Please refer to

the section 3.4 for further details.
— In the folder Docu you will find some documentation.
— The folder C Files contains Licel’'s C sources.

4. If the selection dialog does not come up automatically after inserting the CD into your CD/DVD
drive, please manually open the File Explorer (Windows Explorer) and navigate to the CD/DVD

drive of your PC.

+ Either go to the folders LabVIEW Files, Docu, or C Files to get the LabVIEW source files,

read the documentation, or copy the C source files,

« or open the folder Installer and run setup.exe by double click to start the Windows Installer.
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! 1~ = | Drive Tools  DVD RW Drive (D:) Licel Software — O *
“ Home Share View Manage 0
1+ <« DVD RW Drive (D:) Licel Software » Installer » v 0 Search Installer =]
# Downloads 2 Mame Date modified Type Size
Musi . B
d Music * Files Currently on the Disc (8)
| Pictures . - .
bin 172019 417 PM File folder
B videos license /1/2019417PM  File folder
= 050 supportfiles /1/2019417PM  File folder
& DVD RW Drive (T #2| autorun J Setup Information TKB
C Files 3 licel Icon 2KB
Docu | | nidist.id 1D File 1KB
—— =4 setup / Application 1,394 KB
43| setup 4/20/2012 10:49 AM  Cenfiguration sett... SKB
LabVIEW Files
>

== Shared Folders ' v ¢

Bitems  1item selected 1.36 MB =

Please proceed to the section 3.3 afterwards.

3.3 Installing the Windows Applications

This subsection describes the installation process for the Licel Windows applications. To operate the
Licel Windows applications a LabVIEW runtime environment needs to be installed. The Windows
applications together with the LabVIEW runtime environment come as a Windows Installer package.
For the installation of the LabVIEW runtime part of the installer package local administrator privileges
are required.

The following items describe the installation process after starting the Windows Installer’s setup rou-
tine (setup.exe). The setup program is automatically started when using the CD ROM and pressing
Install Licel Software in the setup selection dialog. setup.exe is located on the Licel CD ROM
in the subdirectory Tnstaller or in the temporary directory you unzipped the downloaded Licel
Installer package. You may directly start the setup routine from the corresponding directories.

The Windows Installer dialogs will guide you through the installation process.

1. The installation will start with the following screen. Please wait until the installer has initialized.

71l PMT32 Channel Acquisition Software = i

It iz strongly recommended that you exit all programs before running this ) ‘
installer. Applications that run in the backaground, such as virug-scanning y ]
utilities, might cause the installer to take longer than average to complete.

Pleaze wait while the installer initializes.

Cancel

2. The next screen will allow you to choose the installation directory (standard: <Program Files
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Directory>\Licel) and specify the directory where former National Instruments products
are installed. The latter directory will be the root directory for the LabVIEW runtime engine.

71l PMT32 Channel Acquisition Software RN ]

Destination Directory
Select the primary installation directory.

All zoftware will be installed in the following location(z]. To install software into a
different location(s], click the Browse button and select another directory.

Diirectory for PMT 32 Channel Acquisition Software

|C:"-.Prng|am Files"Licel* |[ Browse. . ]

Diirectory for Mational Instruments products

|C:"-.Prng|am FilesMNational Instruments®. | [ Browse. . ]

[ <cBack i Mest>» | [ LCancel ]

If you would like to change one of these directories click Browse and choose or create a direc-
tory of your choice. Click Next to proceed.

3. As National Instrument’s LabVIEW runtime engine has to be installed you are asked to accept a
software license agreement for National Instruments software. Plese check | accept the license
agreenment(s) and proceed by clicking Next

| PMT32 Channel Acquisition Software

Licenze Agreement
Y'ou must accept the license(z) dizplayed below to proceed.

NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT -

INSTALLATION NOTICE: THIS I3 A CONTRACT. BEFORE YOU DOWNLOAD THE SOFTWARE L
ANDI/OR COMPLETE THE INSTALLATION PROCESS, CAREFULLY READ THIS AGREEMENT. BY
DOWNLOADING THE SOFTWARE ANDIOR CLICKING THE APPLICABLE BUTTON TO
COMPLETE THE INSTALLATION PROCESS, YOU CONSENT TO THE TERMS OF THIS
AGREEMEMNT AND YOU AGREE TO BE BOUND BY THIS AGREEMENT. IF YOU DO NOT WISH TO
BECOME A PARTY TO THIS AGREEMENT AND BE BOUND BY ALL OF ITS TERMS AND
CONDITIONS, CLICK THE APPROPRIATE BUTTON TO CANCEL THE INSTALLATION PROCESS,
DO NOT INSTALL OR USE THE SOFTWARE, AND RETURMN THE SOFTWARE WITHIN THIRTY
(30) DAYS OF RECEIPT OF THE SOFTWARE (INCLUDING ALL ACCOMPANYING WRITTEN
MATERIALS, ALONG WITH THEIR CONTAINERS) TO THE PLACE YOU OBTAINED THEM. ALL
RETURNS SHALL BE SUBJECT TO NI'S THEN CURRENT RETURN POLICY.

1. Definitions. As used in this Agreement, the following terms have the following meanings:

@ | accept the License Agreement(s).

(71 | do not accept the License Agreement(s).

<< Back ][ st > ] [ Cancel ]

4. The next screen will inform about the software components that will need to be installed on your
system.

20



Installing the Windows Applications

PMT32 Channel Acquisition Softwa

Start Installation
Fieview the following summary before continuing.

Upgrading
» PMT 32 Channel Acquisition Software Files

Adding or Changing
» Mational Instruments spstem components

Click the Mest button to begin installation. Click the Back button to change the installation settings.

[Save File... ] [ << Back ][ Mest > ] [ Cancel

Please click Next to proceed.
5. The next screen contains the progress indicators during the installation.

PMT32 Channel uisiticn Software =

Overall Progress

Curmently instaling PMT32 Channel Acquisition Software. Part 1of 1.

Copying new files...

Bk [ New»

6. When the installation has finished please click Next to proceed.
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.| PMT32 Channel Acquisition Software C=mEE X
|

Installation Complete

The installer has finished updating your system.

<< Back Cancel

7. If it is is necessary to restart the computer after the applications a dialog will pop up with an
appropriate button for the restart procedure.

8. After the installation has successfully been completed you are able to start the Windows ap-
plications through the corresponding entry in the program group Licel PM32Channel in the
Windows start menu:

[
. Intel
Intel® Control Center
L
. Licel Bore
B Licel PMzoChannel
Il pw22 Channel Acquisition
Bl PM32 Pulse Height
W pp32 viewer
I:I Search Controllers

B 1cpip Activate DHCP Mode

TCPIP Getting Started

Eﬁ TCPIP Set Fixed IP Address
@ TCPIP Set New Password
!Lﬁ Virtual Controller

Licel TCPIP

£ Type here to search

The links to start the applications can be found after opening the program group as seen above.

9. If you have backuped your initialization files from an older version of Licel Ethernet Software
you may copy the TCP/IP parameters from the corresponding old initialization files to the files
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of the current installation. Please note that copying information from older to new initialization
files should be done value by value (line by line).

3.4 Installing the Licel LabVIEW Sources

To install the Licel LabVIEW sources you may choose between the following options:

» Copy all files contained in the directory L.abViEW Files from the CD ROM to a directory of
your choice.

* If you downloaded the Licel software from http://www.licel.com/software.htm please unpack the
content from the downloaded zip file and copy it to a directory of your choice (keep all directory
hierarchies!).

Please note that in the case the software is copied from a CD you may have to unselect the "Read-
only” attribute for the destination folder.

1. This is done by selecting the directory and right-clicking on it. Select Properties from the
context menu.

@' ﬁ, » Computer » O5(C) »
—
Organize ~ = Open Include in library « Share with + Burn Mew fo | LabVIEW Files Ijmpe‘,ﬁﬂ- u

&, 05(C) “ Name

General |Sharing I Securty I Previous Wersions I Customize|

. Apps
e . Apps
J Drivers
| Drivers ] ! LabVIEW/ Files
J Intel
LabVIEW Fil Intel
. La lles | LabVIEW Files Type: File folder
. Logs iV Open b Location: C:
J PerfLogs )
) e Open in new window Size: 22,0 MB (23.078.681 bytes)
J Program Files
X X Size on disk: 221 MB (23.175.168 bytes)
. Program Files (x86) Share with 3
. . Contains: 41 Files, 5 Folders
| temp Restore previous versions
i Users = Include in library > Created: Today, 15. August 2020, 30 minutes ago
J Windows
LiceL . . Send to 4
J_ DVD RW Drive (E:) Licel Software Mﬁbmes@h{ (Only applies to files in folder]
; Cut [ Hidden Advanced...
ﬁh Metwork | Copy
S Create shortcut
LabVIEW Files Date modified: 19.0 Delete
File folder Frrerms
o) Com | iy

Properties h; i

2. Verify that the "Read-only" attribute is not checked, uncheck it if necessary. Click OK and
check in the next dialog Apply changes to this folder, subfolders and files. Leave the dialog by
clicking OK

‘You have chosen to make the following attribute changes:

unset read-only

Do you want to apply this change to this folder only, or do you want to
apply it to all subfolders and files as well?

Apply changes to this folder only
(@) Apply changes to this folder, subfolders and files

[ oK [\H Cancel
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Licel provides one or more user-defined LabVIEW error code files. LabVIEW will use these files to
generate hints in error messages. Before you will have to copy these error code files to an appropriate
location where LabVIEW will find them. For this

1. Locate the error code files in Licel's LabVIEW sources: they are located in the sub folder
<LabVIEW Files Folder>\Files\user.lib\errors

2. Select all files x—errors.txt and copy them

‘xa .. » Computer » OS(C:) » LabVIEW Files » Files » userlib » errors

Organize ~ E Open = Print library « Share with + Burn Mew to
!_ & 0s(C) “ Name :
I Apps -
) . Licel-errors

. Drivers — -
Open

. Intel

- Print

|. LabVIEW Files
Edit

)i Logs _

|| Perflogs Open with 3

|| Program Files i Restore previous versions

.. Program Files (x86) Send to 3

. tem

. Ly Cut

J Users | =

. Windows 1 Py I}

jtf: DVD RW Drive (E:) Licel Software Create shortcut
Delete
“' Network L Rename
- N Properties
B Licel-errors  Date modified: 2408 01T ITIZ " Date created: 19082020
Text Document Size: 10,6 KB

3. Navigate to the folder
<LabVIEW installation directory>\user.lib\errors,
create the sub folder errors if necessary. Paste the copied file(s) to that directory

—_—
(E;i . < MNational Instrurments » LabVIEW 2010 » userlib » errors

Organize « Include in library « Share with + Mew folder
1 .. Program Files (x86) o Mame -
.. Common Files
|| Dell Thi:
. InstallShield Installation Infor
View 3

. Intel
. Internet Explorer Sty g
) Licel Group by 3
. Microsoft Office Refresh
I Microsoft.NET = Customize this folder...
. Mozilla Firefox
. Mozilla Maintenance Service = I}
|| MSBuild Paste shortcut
. MSXML 4.0 Share with 3
.. National Instruments

. MNew 3
. Reference Assemblies
. Renesas Electronics e Properties

’ 0 items

4. All copied LabVIEW error code files should be seen now:
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2 . .« MNational Instruments » LabVIEW 2010 » userlib » errors

Organize « Include in library « Share with + Burn Mew folder

1. Intel i MName
. Internet Explorer .
J Licel | Licel-errors
. Microsoft Office I}
. Microsoft.NET
. Mozilla Firefox
. Mozilla Maintenance Service
. MSBuild
L0 MSXML 4.0
. National Instruments
. _Legal Information
1 LabVIEW 2010
1 userlib
.. RTImages
. Shared

. Reference Assemblies i
) 1 item

Now you should be able to run all the files. If you are still having problems, apply a mass compile to
the directory where the software was extracted to:

1. Start LabVIEW.

2. Select the menu entry Open Project... in the File menu

E? LabViEw - m| X
Operate Tools Help
Mew VI CtilsN |
Mew... - ~
Open... Ctrl+0 ( Q
Create Project...
Recent Projects R te Project ( D} Open Existing
Recent Files » -
[ All Recert Files M| 4
Exit Ctrl+Q
DT Tt
Blank VI
r
g Find Drivers and Add-ons g Community and Support g Welcome to LabVIEW
Connect to devices and expand the Participate in the discussion forums or Leam to use LabVIEW and upgrade

functionality of LabVIEW. request technical support. from previous versions.

| ) LabVIEW News |

3. Navigate to the folder where you copied the Licel LabVIEW sources to
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£} Select aFile to Open

« v o <« PM32Channel » project v O £ Search project

Organize « Mew folder

=~ W @
& OneDrive " MName Date modified Type

8 This PC D PM32Channel_sre.lvproj 12/6/2021 1:27 PM LVPROJ File

- 30 Objects Type: LVPROJ File

Size: 36.4 KB
[ Desktop Date modified: 12/6/2021 1:27 PM

@ Documents
; Downloads
Music

Pictures

Videos

05 (C)

Shared Folders [

@

H

|_j Metwaork vl

File name: | PM32Channel_src.lvproj v| All LabVIEW Files (*wvi*.cth*wit; ~

4. Open the project LicelTCPIP_src.lvproj in the subfolder project

£} LicelTCPIP_src.vpraj - Project Explarer — O X

File Edit View Project Operate Tools Window Help

[EECIE BTN ¢

ltems  Files

=-[&l Project: PM32Channel_sre.lvproj
o8
B [J Licel PM32Channel Acquisition
E+ [ Virtual Controller
6 [ userlib
_'g" Dependencies
4»_ Build Specifications

5. Select the menu Tools, then Advanced, and finally Mass Compile....
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=& Project Explorer - src.
File Edit View Project Operate 00 Window Help
“ 63 | X |“ B Measuremen.t&)\utomation Explorer...
Instrumentation »
Items | Files |
Compare »
E}E;. Project: PM32Channel_src.lvp) Merge >
[ER TN My Computer] -
G 0J Licel PM32Channel Acq  SOTIE b
@ Virtual Controller Lz »
) userlib User Name...
QF'E' D‘e.penden.ci.es i Build Application (EXE) from V...
“ o Build Specifications T S
Source Control »
LLBE Manager...
Import »
Shared Variable »
Distributed System Manager
Find VIs on Disk...
Prepare Example VIs for NI Example Finder...
Remote Panel Connection Manager...
Web Publishing Tool...
Control Design and Simulation b
Internet »
VIPackage Manager...
Options... Clear Compiled Object Cache...
Edit Error Codes...
Edit Palette Set...

Create or Edit Express VI...

Export Strings...

Import Strings...

6. You will be asked to select a folder, select the source folder under the target directory of your
LabVIEW files.

3 Choose a directory to compil C=)

Suchenin: || source - &7 o
i MName = Anderungsdatum Typ G
e AdvancedViewer.llb 17.08.2020 10:50 Dateiordner
Zuletzt besucht Datafile.llb 17.08.2020 10:50 Dateiordner
[ - LicelAcquis.lib 17.08.2020 10:50 Dateiordner
LicelFile.llb 17.08.2020 10:50 Dateiordner
Desktop .
LicelGraph.llb 17.08.2020 10:50 Dateiordner
- LicelModulelb 170820201050 Dateiordner
U= . r .
Biklictheken LicelTCPIP.IIb 17.08.2020 10:50 Dateiordner
Licel TCPIP_APLIIB 17.08.2020 10:50 Dateiordner
EAE!' LicelUtilllb 17.08.2020 10:50 Dateiordner
Computer PM32Channelllb 17.08.2020 10:50 Dateiordner
PM32ChannelPulsellb 17.08.2020 10:50 Dateiordner
@ PM32ChannelViewerllb 17.08.2020 10:50 Dateiordner
Metzwerk SearchControllers.llb 17.08.2020 10:50 Dateiordner
4 [T | b
Dateiname: - | Open |
Dateityp: [ Fes () 5 cancel ]
Select Folder D\

7. Press Mass Compile in the next dialog.
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Options | Status Options | Status

Directory to compile

##&% Starting Mass Compile: Di, 14. Jun 2022 15:56:11
ChLabVIEWhsource Directory: "Ch\LabVIEW\source”

; ###% Finished Mass Compile: Di, 14, Jun 2022 15:56:14

Log Results
9

Append
[¥] Cache VIs
10

[] Reload CINs

[Clinclude warnings for read-only Vis

[ Mass Compile [\L[ Done ] [ Mass Compile [ Done N [ Help

8. Later the mass compile status will be shown. There should’t be any problems.

Please note that the removal of older libraries is a necessity, since LabVIEW often links to various
libraries with the same name. As a result, if a library is installed twice, one can not be certain which
library is actually being used.

If you still have any problems, please contact Licel for further assistance.
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Chapter 4

Setting up the Network

4.1 Network Introduction

To control a Licel Ethernet controller a working TCPIP connection is required. This can be reached
by two ways, using a cross link cable, which creates a one to one connection between the PC and
the Ethernet Controller or with patch cables and a switch

cross link cable
PC Ethernet controller

The cross link cable might be a perfect setup for single controller, but as soon as the PC needs to
communicate over the same network connector with other nodes locally or the Internet the usage of
a switch is mandatory.

Switch

patch cable patch cable

PC Ethernet controller

This configuration has the big advantage that it is easily scalable if more than one controller needs to
be connected.

Switch

PC Controller 1 Controller 2 Controller 3

There are two concepts for the switch either:

» Use the local infrastructure, this requires coordination with your local network administrator as
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she/he will define network addresses to be used for the PC and the Ethernet controllers or
require DHCP for the nodes to be used.

« add a second Ethernet controller to the PC, so that Ethernet controllers can be moved to a
private network and you become the administrator of this private network.

http://en.wikipedia.org/wiki/Private_network describes the available address ranges, selecting a
network subset in the 192.168.0.0 192.168.255.255. seems like a good choice

In all of these configurations the PC and the controllers should be finally in the same subnet but
have different IP addresses within this subnet. To achieve this, each controller needs to be specially
setup as all controller ship with the same default network address. If more than controller needs be
setup the procedure below needs to be repeated for each controller individually. Never connect more
than one controller with the factory default to a network. Never use IP addresses beginning with
169.254. because the corresponding IP address range 169.254.x.y is reserved as the DHCP
fallback range for network clients that try to connect to a DHCP server but do not find any in the local
network.

4.2 Preparations

To operate the Licel Ethernet Controller in your local network you will have to carry out the following
required steps described in the corresponding subsections:

1. Get the required Network Information.

2. Prepare the PC to communicate with the Ethernet controller using a cross-link cable (Network
Preparation).

3. Setup the Ethernet controller for your local area network either by setting a fixed IP address or
by activating the DHCP mode (Network Setup).

4. Reconfigure the PC for your local area network and test the communication with the Ethernet
controller.

4.3 Network Information

The Licel Ethernet Controller is shipped with a default static IP address. The default parameters are:
IP address 10.49.234.234
network mask 255.255.255.0
gateway
port 2055
The network parameters should be aligned according to your local network environment. Before
doing this, the system administrator should be contacted. He should provide the following information:

1. Should the Ethernet controller use a dynamically assigned IP address (DHCP)?

(a) If yes, the network parameters will be set by a DHCP server residing in your LAN. Refer to
the subsection DHCP Mode (4.5.2) to enable the Licel Ethernet Controller to automatically
receive the network parameters from the DHCP server.

(b) If a static address configuration is to be used,

i. the IP address,
ii. the network mask,
iii. and the gateway

30


http://en.wikipedia.org/wiki/Private_network

Network Preparation

should be set by yourself. Please make sure that the IP address is unique in your
network. If you have more than Licel Ethernet controller make sure that they use differ-
ent addresses. Refer to the subsection Fixed IP Address (4.5.1). The system ships with
all Ethernet controllers set to the default address of 10.49.234.234. In order to setup
a system with multiple controllers one needs to do this procedure with each controller in
sequence where only one controller is connected to the network at a time. Otherwise one
would end up with multiple controllers sharing the same default address which would pre-
vent a successful setup procedure. Never use a fixed IP address beginning with 169.254.
because the corresponding IP address range 169.254.x.y is reserved as the DHCP fall-
back range for network clients that try to connect to a DHCP server but do not find any in
the local network.

2. The default ports used by the Ethernet controller are 2055 and 2056. Can these ports be used?
If you have more than one Licel Ethernet controller the addresses should be different but the
ports can be identical for them.

3. Is it necessary to change the configuration of any firewall in the case you need to access the
controller outside of the LAN boundaries?

4. |s the default network mask 255.255.255. 0 suitable for the communication bewtween the PC
and the Licel Ethernet controller? A ™255 at the first n positions of the network mask mean
that the first n numbers of the IP addresses of both, the PC and the Licel Ethernet Controller,
at the corresponding positions must be the same.

4.4 Network Preparation

After having installed the Licel Windows applications or the Licel LabVIEW modules on your PC you
are ready to change the network configuration parameters of the Licel Ethernet Controller according
to the local network settings described in the previous section.

4.4.1 Establish the Connection

A straight-forward way to do this is the following procedure. You will need local administrator rights
on your PC for the following steps:

1. Open the Properties dialog of the network connection your Ethernet adapter is assigned to.
Usually you will find the appropriate network connection by opening Network Connections
from the Windows start menu or the System Settings. The following list shows the steps to
follow on a Windows 10 operating system:

(a) Click on the E button, and then on Control Panel.
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Recently added

Irfan\View 4.54

m IffanView - Thumbnails

y NI Web Server Configuration
Most used

fb— NI LabVIEW 2018 (32-bit)
H Explarer

Q Editor

Eﬁ Xbox Game Bar

% Photos
Q Snipping Tool
#
ED 3D Viewer
Settings l 7.Zip

A

0 Alarms & Clock

0 h’ype here to search

(b) Once the control panel has come up click on Network and Internet.

Settings

Windows Settings

g System Devices D Phone @ Network & Internet
s

Display, sound, netifications

Bluetooth, printers, mouse Link your Android, iPhone ‘.“.‘\rFl‘Ii'phn:' mode, VPN
power
3 B—
z‘ Personalization s—  Apps R Accounts (ﬁ,.. Time & Language
Background, lock screen, colors B Uninstall, defaults, optional Your accounts, email, sync, AT Speech, region, date
features work, family

@ Gaming (’17 Ease of Access O Cortana /O Search

Game bar, captures, Narrator, magnifier, high Cortana language Find my files, permissions
broadcasting, Game Made contrast

ﬁ Privacy Ty Update & Security
Location, camera, microphone R’ Windows Update, recovery,

backup

(c) In the next window click on Change adapter options in the Advanced network settings
section.
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<« Settings

it Home

Network & Internet

I @ Status
%1 Ethernet
=  Dial-up

% VPN

@ Proxy

(d) The installed network connections will be shown, right-click on the local Ethernet connec-
tion to be used with the Licel Ethernet Controller and choose Properties from the context

menu.

Status

Network status

Ethemet(

Private network

You're connected to the Internet

If you have a limited data plan, you can make this network a
metered connection or change other properties,

EI Ethernet(
From the last 30 days

Properties

66.18 GB

Data usage

@ Show available networks

View the connection options around you.

Advanced network settings

g Change adapter options
View network adapters and change connection settings. %

% Metwork and Sharing Center
For the networks you connect to, decide what you want to share.

A Metwork troubleshooter
Diagnose and fix network problems.

View hardware and connection properties

£ Network Connections
A U Control Panel »

QOrganize v Disable this network device

- LAN-V]
LW Netzy 9 Disable

ot
7 ntelR] Status

Diagnose
) Bridge Connections

Create Shortcut

) Delete
&) Rename

&) Properties

litem  1item selected

Metwork and Internet »

Diagnose this connection

- [m] X

Network Connections v O Search Network Connections e

Rename this cennection View status of this connection Change settings of this connection -« [

2. Click on the TCP/IP protocol entry in the lists of components used by the assigned Ethernet

adapter card / LAN connection and press the Properties button.
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W' LAM-Verbindung 2 Properties X
Networking

Connect using:

@ Intel{R) PRO/1000 MT-Netzwerk verbindung

Configure...

This connection uses the following tems:

IJ_:CIient fiir Microsoft-Metzwerke

IE“ Datei- und Druckerfreigabe fir Microsoft-Netzwerke
B3 Q0S-Paketplaner

B i cmeioiotot Veson 4 (1CP/Pv) |

. Microsoft-Muttiplexorprotokoll fir Netzwerkadapter
2. Microsoft-LLDP-Treiber

4 Intemetprotokall, Version & (TCP/IPvE)

>

<

fREKORREE

>

Install... Uninstall

Description

TCP/IP, das Standardprotokoll far WAN-Netzwerke, das den
Datenaustausch lber verschiedene, miteinander verbundene
Netzwerke ermoglicht.

CK Cancel

3. Write down your current TCP/IP settings i.e. all settings seen in the following graphics. You will
need this information to reconfigure your PC to access the LAN again. Please note that the
addresses and settings given here are examples only!

Internetprotokell, Version 4 (TCP/IPwd) Properties *
General

‘fou can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(O Obtain an IP address automatically
(@) Use the following IP address:

IP address: 192 . 168 . 69 . 10
Subnet mask: 255 .255.255. 0
Default gateway: 192 . 168 . 69 . 254

Obtain DMS server address automatically
(®) Use the following DNS server addresses:
Preferred DNS server: 192 . 168 . 69 . 1

Alternate DNS server:

|

[validate settings upon exit Crrerel

Cancel

(a) If Obtain an IP address automatically is active on the Ethernet adapter you will use for the
communication with your Licel Ethernet controller you will work in a configuration where
both, your PC and your Licel Ethernet controller will finally connect to your local network
via a switch. In that case you should find out information about the PC’s current IP address
(range) to be able to assign a fixed IP address to the Licel Ethernet controller later:

i. Open a command prompt window (DOS box).

i. Type ipconfig and press enter. At least one of the Ethernet adapters should show
the address that you previously set (10.49.234.230). The response should be sim-
ilar to the following:

1 Ethernet Adapter
IP-Address. . . . . . . . . :192.168.69.10
Subnet Mask . . . . . . . . ¢ 255.255.255.0
Standard-Gateway.
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iii. If the shown IP address begins with 169.254. there is a network problem: your
PC attemps to connect to a DHCP server but does not find any. Therefore, an IP
address in the reserved DHCP fallback range 169.254.x.y is assigned. Please fix
your netwirk problem before you continue.

iv. If not remember the shown IP address (in the example: 192.168.69.10).

(b) if Obtain an IP address automatically is not checked, note the IP address, the Subnet
mask, and the Default gateway.

(c) Remember the checkbox Obtain DNS server address automatically, and

(d) if Obtain DNS server address automatically is not checked, note the DNC server ad-
dresses if available.

4. If activated disable DHCP (checkbox Obtain an IP address automatically) and manually assign
an IP address within the default address range of the Licel Ethernet Controller. A good choice
would be 10.49.234.230. Never use the default address (10.49.234.234) of the Licel
Ethernet Controller as IP address for your PC.

Internetprotokell, Version 4 (TCP/IPwd) Properties *
General

‘fou can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(C) Obtain an IP address automatically
(@) Use the following IP address:

IP address: 10 . 49 . 234,230
Subnet mask: 255 ,255.255. 0

A 1 DS server

Lbtain DNS server address automaucally

(@) Use the following DNS server addresses:
Preferred DNS server:

Alternate DNS server: l:l

[validate settings upon exit Crrerel

Cancel

5. Quit the dialog by pressing OK.

6. Power up the rack with the Licel Ethernet Controller and connect the PC with the controller
using the red cross-link cable shipped together with your hardware.

Now you should be able to access the Licel Ethernet Controller via your Ethernet adapter. Please
test this first connection with the methods given in the next section.
4.4.2 Diagnostics

Please carry out the following steps to verify that the connection of the Licel Ethernet Controller with
the PC is established.

1. Verify that the green LNK LED lights up indicating a correct electrical connection.
2. Verify that in case of a 100Mbit Ethernet connection the Spd lights up.
3. Verify that the network settings of your PC have changed according to your settings:

(a) Open a command prompt window (DOS box).
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(b) Type ipconfig and press enter. At least one of the Ethernet adapters should show the
address that you previously set (10.49.234.230). The response should be similar to the

following:
1 Ethernet Adapter :
IP-Address. . . . . . . . . : 10.49.234.230

Subnet Mask . . . . . . . . : 255.255.255.0
Standard-Gateway. :

4. Verify that the Licel Ethernet Controller is accessible via the network now:

(a) Open a command prompt window (DOS box) or use the one from above.

(b) Type ping 10.49.234.234 and press enter. The Licel Ethernet Controller should re-
spond without loss of any packet. If the controller is not responding check if the network
cable is correctly mounted and that an appropriate cable is used, i.e. a cross-link cable
when working with a direct connection from the computer. Most Ethernet adapters indicate
a correct connection with a green LED:

A non-existent or incorrect connection is often identified by an unlighted LED (left) or red
LED (right).

Please note that these indicators may be different on your PC.

(c) If the network cable connection is correct and the controller is still not responding execute
a hardware reset and repeat the procedure with the default IP address.

4.5 Network Setup

In order to configure the Ethernet controller, you need either to set the controller to a fixed IP address
or invoke the DHCP Mode. Whether a fixed or dynamic (DHCP) mode is used or not will depend
upon your network type. Dependent on this, please refer either to the subsection Fixed IP Address or
DHCP Mode and skip the corresponding other subsection. Please contact your administrator if you
have not yet requested the information described in the above subsection Network Setup.
Afterwards you will have to reconfigure your PC for operating in the local network.

Once you have set the IP Address and Port for the Licel Ethernet Controller you should define these
values to be used by the software.
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4.5.1 Fixed IP Address

If you need to set the controller to a fixed IP address carry out the following steps. Skip the steps
described in next subsection DHCP Mode.

1. Open Licel TCPIP Set New Fixed IP Address.vi orthe corresponding Windows ap-
plication from the Windows start menu.

- Please enter the new network parameters
- Run the vi
- Power OFf / On the Licel Ethernet Controller

Current IP Address New IP Address
10.49,234,234 192.168,69.12
_urrent Pork ﬁPurt
%4;' 2055 “J,l 2055
Passwiord New Metwork Mask

2. Set the desired network parameters in the fields New IP Address and Port. In this eaxample
we set the Licel Ethernet controller’s IP address 10 192.168.69.12 because this IP address
lies in the same IP address range where we found our PC (in our example 192.168.69.10).
Never use a fixed IP address beginning with 169.254 . because the corresponding IP address
range 169.254.x.y is reserved as the DHCP fallback range for network clients that try to
connect to a DHCP server but do not find any in the local network.

3. Check the New Network Mask: is the default network mask 255.255.255. 0 suitable for the
communication bewtween the PC and the Licel Ethernet controller? A ™255” at the first n
positions of the network mask mean that the first n numbers of the IP addresses of both, the
PC and the Licel Ethernet Controller, at the corresponding positions must be the same.

4. Do not forget to enter the correct administrator Password.

5. Run the vi by pressing the start button. It should finish without opening an error message
dialog.

6. Turn the Licel Ethernet Controller off and switch it on again. Wait approximately 20 — 30
seconds.

7. Aping 10.49.234.234 executed from a command prompt (DOS box) should now time-out.

4.5.2 DHCP Mode

In order to configure the Licel Ethernet Controller for DHCP operation carry out the following steps.
You must have skipped the steps described in the last subsection Fixed IP Address.

1. Open Licel TCPIP Activate DHCP Mode.vi or the corresponding Windows application
from the Windows start menu.
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- Please enter the DHCP Port
- Run the vi
- Power OFf / On the Licel Ethernet Controller

Current IP Address
10,499,234, 234

—urrent Park DHCP Pork
“JJ 2055 LJJ 2055

Password

bk e kol

. Set the desired DHCP Port number.

Do not forget to enter the administrator administrator Password.

Run the vi by pressing the start button. It should finish without opening an error message
dialog.

. Turn the Licel Ethernet Controller off and switch it on again. Wait approximately 20 — 30

seconds.

Aping 10.49.234.234 executed from a command prompt (DOS box) should now time-out.

4.6 Reconfigure the PC

After you successfully configured the Licel Ethernet Controller the following last steps have to be
carried out to reconfigure your PC for the local network and to test the connection to the Licel Ethernet
Controller:

1.
2.

Reconnect the PC to the local network.

Open the Properties dialog of the network connection your Ethernet adapter is assigned to. A
more detailed instruction has been given above.

. Open the Properties dialog of the TCP/IP protocol entry in the lists of components used by the

assigned Ethernet adapter card.

Reset your current TCP/IP settings to the values you recorded while processing the subsection
to establish a network connection.
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Internetprotokell, Version 4 (TCP/IPwd) Properties *
General

‘fou can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(O Obtain an IP address automatically
(@) Use the following IP address:

IP address: 192 . 168 . 69 . 10
Subnet mask: 255 .255.255. 0
Default gateway: 192 ., 168 . 69 . 254

Obtain DMS server address automatically
(®) Use the following DNS server addresses:

Preferred DNS server: 192 . 168 . 69 . 1

Alternate DNS server:

|

[validate settings upon exit Crrerel

Cancel

Note that the values shown here are just example settings. You must exactly use the settings
present on your PC before configuring the Licel Ethernet Controller.

5. Quit the dialog by pressing OK.
6. Reboot your PC.

7. Connect the Licel Ethernet Controller with your local network through a hub or switch using an
ordinary patch cable.

8. Execute a ping command from a command prompt (DOS box). Use the IP address you as-
signed to the Licel Ethernet Controller. If the Ethernet controller is in DHCP mode, you need
to ask your system administrator for the assigned network address. The ping command’s
response should indicate a correctly working connection.

9. Test the access using Licel TCPIP Getting Started.vi orthe corresponding Windows
application to be started from the Windows start menu.

10. A TCP/IP timeout error with LabVIEW'’s error code 56 may be caused by a wrong IP address.
f=t =l

Error 56 occurred at TCP Open Connection in Control_PMT_Panel.vi,
Possible reasons:

LabYIEW: The network operation exceeded the user-specified or system kime limit,

ks Please check carefully that the values for IP Ad-
dress and Port match with the parameters set at the Licel Ethernet Controller. Set the correct
values as defaults for future operation. Other reasons for errors with code 56 are non-existing
connections (check if the cable in use is correct) or unstable network operation.

4.7 Test the TCP/IP Setup — Getting Started

Once you assigned an IP address to your Licel Ethernet Controller, turned it off and switched it on
again, and reconfigured the PC’s IP address you may like to test whether or not a TCP/IP connection
is possible from your PC to the Licel Ethernet Controller using the new TCP/IP settings.

For this you could start the Windows Application TCPIP Getting Started from the Windows start
menu. If you are using the LabVIEW sources open the corresponding VI
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LicelTCPIP GettingStarted.vi from the LabVIEW project in the subfolder

Licel PM32 Acquisition\TCPIP.
The front panel of Getting Started will open.

B |icelTCPIP GettingStarted.vi - o X

Datei Bearbeiten Ausfihren Werkzeuge Fenster Hilfe T
=

o> Start

Current IP Address Identification
Current Port

i) 2055

error in {no error) error out
status  code status  code
| ko 4| Ko

source source

~ ~

W W

Please continue as follows:

1. Enter the Current IP address and Port as you have set them for the Licel Ethernet Controller in

one of the previous sections.

2. Run the program using the run button

3. The program will attempt to open a TCP/IP connection to the Licel TCPIP controller and request

the identification string using a low level TCPIP command.

4. The Identification field should hold the controller’s identification string now.

Identification
Licel Control Hardware rev. 2e firmware rev. 05.07.2021 ColdFireEthernet

5. In the case of an error error out will show up with an error mark, an error code and an error

source, here an example is shown:

error out

status  code

[ P&
source

P Open -~
Connection in
LicelTCPIP -

4.8 Search Controllers

Licel provides the utility Search Controllers to search for Licel Ethernet Controllers in your Local

Network.

* You can start the Windows Application Search Controllers from the Windows start menu. Then

the program opens and immediately starts to run.

* If you are using the LabVIEW sources open the corresponding VI

Search Controllers.vi fromthe LabVIEW project in the subfolder
Licel PM32 Acquisition\TCPIP. Run the VI by using LabVIEW’s run button .

Search Controllers uses UDP polls to find Licel Ethernet Controllers in your network. Your firewall
might ask for your allowance to do that. Use Search Controllers to make sure that all your controllers

40



TCP/IP Connection Parameters (Software)

have been set to the correct IP addresses or to identify a specific controller e.g. after you have set
it to the DHCP mode. After starting Search Controllers will display the found controllers in a table.

Please click on the button if the table remains empty or if you would like to repeat a search
because you have switched some controllers on or off.

B4 Search for Licel Ethernet Controllers — O =
Licel Ethernet Controllers TCR/IP Connection on port a 2055

IP Address Identification Response Capabilities (shown with a successful TCP/IP connection) ~
< 10.49,234.230 Licel Virtual Controller Software (version 1.51.08) rev, 25.04,2022, Port 2055

o 10.49.234.234 Licel Zyng MercuryZX 1 SP32-HR Rev 2 Ethernet Controller Rev-03.08.2017-Release

In the example we see one controller at the IP address 10.49.234.234, and additionally we see a
Virtual Controller running on the PC’s IP address (10.49.234.230 in this example). On your system
you will see the IP addresses you assigned to your Licel Ethernet Controllers.

At the left of each line you see a circle symbol which indicates that no deatils are known about the
corresponding controller at the moment 2.

Now click on one line representing one of the controllers. Search Controllers will attemps to open

a TCP/IP using the port top right TCP/IP Connection on port *J 2055 If the TCP/IP connection could

be successfully opened a checkmark & will appear on the left. Furthermore Search Controllers will
requst the controller’s capabilities using a low level TCP/IP command. In the following example you
will recognize that the controller at the IP address 10.49.234.234 has the capability 32CHANNEL i.e.
it is a Multispectral Lidar Detector

ﬂ Search for Licel Ethernet Controllers — m} %
Licel Ethernet Controllers TCPIP Connection on port ;) 2055

IP Address Identification Response Capabilities (shown with a successful TCP/IP connection) FS
o 10.49.234.230 Licel Virtual Controller, Software (version 1.51.08) rev. 25.04.2022, Port 2055

 10.49.234.234 Licel Zyng MercuryZX 1 SP32-HR Rev 2 Ethernet Controller Flev{)ioa.zol?ﬂeleam CAP: 32CHANNEL

|Click: check connection, double click: copy IP addre55|

If the capability field is empty please check that no other software is communicating with the selected
controller. If a connection is not successful (e.g. because the controller has been switched off in the
meantime or the port is wrong) an appropriate sign is displayed on the left .

A double click on a line representing a controller will copy it's IP address to the clipboard.

4.9 TCP/IP Connection Parameters (Software)

To work properly with the Licel Ethernet Controller both the Windows applications and the LabVIEW
software must be able to establish a TCP/IP connection. The user of the software must define the
IP Address and Port — these values must be equal to the parameters that have been for the Licel
Ethernet Controller following the network setup section.
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If a connection to the controller using the /P Address and Port in the corresponding control fields is
not successful the applications will continiue to try to connect to the controller. The user may change
the IP Address and Port during these reconnection attempts.

Defining the IP Address and Port is different for the Windows applications and the LabVIEW sources.

Windows Applications: Initialization Files

The Windows applications communicating with the Licel Ethernet Controller read their TCP/IP pa-
rameters IP Address and Port from initialization files.
An example for an initialization file holding the TCP/IP information is given below:

[TCPIP]
UseValues=TRUE
IPAddress=10.49.234.234
Port=2055

You may directly edit the corresponding initialization file using a text editor like Notepad. You must
change the values for the IP Address and Port to the values you will set following the Instructions in
the network setup section. Or change the IP Address and Port while the application is running and
not yet connected, the application will try to build up a connection until it has success.

When the applications is able to open a TCP/IP connection with the given IP Address and Port these
values will be written to the initialization file. The Windows apllication will use these values at the next
start of the program.

The applications PM2 Channel Acquisition and PM32 Pulde Height Distribution use the same initial-
ization file PMT32Channel.ini.

LabVIEW: Setting Default TCP/IP Parameters

The LabVIEW Vls will not read the TPAddress and Port from the initialization file as the Windows
applications do. However, when opening a LabVIEW VI within a LabVIEW development environment,
default values can be defined for controls on the panel of a LabVIEW VI. This is especially convenient
and recommended for the TCP/IP parameters IP Address and Port. Change the values to the values
you set following the Instructions in the network setup section.

1. Open the vi using LabVIEW, do not run the vi.

2. Enter the value for the IP address into the control named /P Address.
3. Right-click on the control IP Address — the context menu opens.

4. Select Data Operations —; a sub menu opens.
5

. Select Make Current Value Default.
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Multspectral Lidar | ROI | Configuration I

IP Address Port Timeout
jomansans 2105 <1[5000
I Visible ltems 4 rJ rj
iC
F Change to Indicator .50.07) rev. 21.03.2022
In Changeto Array
E Make Type Def. nel\PMT32Channel.ini
——  Description and Tip...
& Find 3
Create r Latitude Heit
Replace > \:152,500000 \LJF
Data Operations 3 Reinitialize to Default Value
Advanced » Make Current Value Default k
Fit Control to Pane
Scale Object with Pane Copy Data
+ Mormal Display Paste Data

6. Repeat this procedure for Port.
7. Save the vi.

Although the LabVIEW Vls do not read the /P Address and Port from the initialization file they will
save these values to the file for documentation whenever a TCP/IP connection could successfully be
opened.

4.9.1 TCP/IP Connection Problems (Software)

Both, PM2 Channel Acquisition and PM32 Pulde Height Distribution have a built-in mechanism to
re-establish the TCP/IP connection to the Licel Ethernet Controller when the connection is lost or
when the connection is not successful after the program start.

If the reconnection mechanism is not successful after 5 attempts the software assumes that some
basic TCP/IP settings may be incorrect. Therefore the following error message is displayed:

£ PM32Channel Main.vi [IP 10.49.234.234 Port 2055]

PM32Channel Main.vi reported a connection problem:

Warning while (re-) establishing the TCP/IP connection: the connection could not be (re-)
established after 5 attemps.

- Check the network connection and the involved hardware

- Check if the IP Address and the Port are correct

- Check if the Licel Ethernet Controller accepts only secure mode connections, if yes, please
contact the administrator of the Licel Ethernet Controller to provide you with an initialization
file "Licel TCPIP.ini" with the appropriate key values:

[TCPIP_10.49.234.234_2055]

UseSecureMode=TRUE

SecureModePWD=...

Cancel

In the case that this dialog comes up please

» check the network connection and the involved hardware. Check whether the Licel Ethernet
Controller and all other Licel hardware is switched on. Check that the Ethernet cable is plugged
correctly, and that the correct Ethernet cable is used.

» check whether the IP Address and the Port the software is using equal to the values of the Licel
Ethernet Controller (refer to the network setup).
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1. Before you start please enter the correct values for the IP Address and Port. You should
already have set these values for the Licel Ethernet Controller

— Using the LabVIEW vi, just enter the required values on the TCP/IP page and save
them as defaults.

Multispectral Lidar ] ROI Configuration ]

IP Address _ Port _ Timeout
10.49.234.234 Jl2105 -}l 5000 | Reconnect |

If the warning dialog is not closed by a user (Retry or Cancel) it will close automatically
and the program will continue to attempt to connect to the Licel Ethernet Controller
using the given IP Address and Port.

— If you are running a Windows application you should check the IP address and port
in the corresponding initialization file. You will see the full path of the file in a file path
indicator on the TCP/IP page.

Initialization File
I“n c:\Program Files (x86)\Licel\PMT32Channel \PMT 32Channel.ini

While a Licel Windows application is running (and has not yet a TCP/IP connection)
you may enter the IP Address and the Port directly. |f a connection can be estab-
lished (i.e. the values are correct) the parameters will be written to the appropriate
initialization file directly after successfully establishing a TCP/IP connection.

» check whether the Licel Ethernet Controller operates in secure mode. If secure mode is used
please check the following section in the file LicelTCPIP.ini:

[TCPIP_<Controller-IP-Address>_<Controller-Port>]
UseSecureMode=TRUE
SecureModePWD=<SecureModePassword>

where Controller-IP-Address and Controller—Port are the IP address and port of
the Licel Ethernet Controller, respectively. If necessary, ask your administrator for the correct
password for usage in secure mode.

You have the following choices to continue when the warning dialog appears:
1. Click Retry to continue to reconnect to the Licel Ethernet Controller.

2. Click Cancel to exit. The program will display an error message (here an example for Control
APD-PMT, the dialog’s appearance may depend on the LabVIEW version):

i e

@ Error 56 occurred at TCP Open Connection in

Licel TCPIP Open Secure Mode.vi- =Licel TCPIP
Kill Sockets.¥i- =Licel TCPIP Reopen
Connection.¥i- >Control APD-PMT.vi

Possible reason(s):

LabWIEW: The network operation exceeded the user-specified
ar syskem kime limit,
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3. Do nothing — the application will automatically close the warning dialog and try again to connect
to the TCP/IP controller with the current IP Address and Port.
4.9.2 Change the Ethernet Controller (in the Application)

If you have more than one Licel Ethernet Controllers (e.g. 2 Multispectral Lidar Detectors) and rec-
ognize that you accidentially connected to the wrong controller you may easily change the controller:

1. Enter the IP Address and Port of that controller you really would like to connect to.

2. Press the | Recomnect | button.

The application will then close the open TCP/IP connection and reconnect with the new /P Address
and Port.

4.10 Network Security

Certain administrative tasks use an administrator password. An example is the change of the IP
address of the controller. The administrator password has to be sent with the related commands.

4.10.1 Changing the Administrator Password

The Licel Ethernet Controller is shipped with the default administrator password ™ Administrator”. In
order to change this password which grants administrative access to the controller, please carry out
the following steps:

1. Open Licel TCPIP Set New Password.vi or start the corresponding Windows applica-
tion from the Windows start menu.

- Please enter the new password
- Run the vi

Current IP Address
10,49, 2534, 254

Current Park

k]

!

BJ 2055
Password New Password
L L b g L L

2. Enter the current administrator Password.

3. Enter the New Password.

4. Run the vi by pressing the start button. It should finish without opening an error message
dialog. Please note that the password is case sensitive.
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4.11 Hardware Reset

A reset is performed by pressing the reset switch while powering up the controller. The reset switch
is located inside a hole close to the RJ45 connector.

To reset the system
* turn off the controller unit
* press the switch inside the hole with a small screw driver, Allen key or anything similar

« turn the rack on while keeping the switch pressed, release the switch 5 seconds after switching
the unit on, wait for 45 seconds.

After a reset
* the controller has the default IP address
* the port number is reset to the default value
+ the controller operates in its fixed IP address mode

* the password is reset to the default password.
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Chapter 5

Software Modules

5.1 Overview

This chapter describes how to use the data acquisition software as well as the functions of the indi-
vidual controls and indicators. In order to work through the information in this tutorial, the hardware
and network setup must be completed. The next sections give brief introductions to the software
module PM32 Pulse Height Distribution, PM32 Channel Acquisition, and PM32 Viewer.

5.2 PM32 Pulse Height Distribution

With the PM32 Pulse Height Distribution utility you are able to acquire pulse height distributions for
either all or selected channels of the Licel Multispectral Lidar Detector.

If you are working with the LabVIEW sources you can load the PM32 Height Distribution utility by
doubly clicking on PMT32Channel Pulse.vi in the LabVIEW project. If you installed the Win-
dows applications please start the program by selecting the entry PM32 Pulse Height in the Licel
PM32Channel section of the Windows Start menu. After doing so, you should see a screen similar
to the one below.
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ﬂ PM32Channel Pulse (version 2.00.05/TCPIP 3.00.05 RC1 rev, 541) — O *
File Edit View Project Operate Tools Window Help T
" .|I|.||
W @n 9 [l
Pulse Distribution | Raw Data | TCR(IP |
Integral MHz
60,00 cho RN & High Voltage 400 500 600
=1 chi 0 ' 4 700
50,00 ] N ) -
ch2 g o 20 800
. I i a
40,00 o3 J 1007 900
- Y
£ 30,00 et I g 1000
B
s PMHV  Cli350
200- oo %
10,00 - e - Trigger Shutter
s | losed o
0,00~ Externa Close
7 7 o ud || 3§ 3
Discriminator Level chio LY
el KU I QO00000000000000 o1t
P Y. ;
Differential MHz JO00000000000000 e Binwidth (ns) /100
)
’ Start Signal Bin 4|0
e er1s Il J
0,50~ chis NG Final Signal Bin  ©J|1024
0,25 ch1c IENg "
- 0,00 d'11?- Shots to Average .—)l 1
= -0,25- chis N Current Shotnumber 1
0,50~ chis RN
0,75~ ch20 N Start Discr Level .—)l 0
-1,00- ch21 [ Stop Discr Level ] 53
== ] ch22 T
=2 a w4 x| Current Discr. Level 0
Discriminator Level
i@ o | [ stat | [ stop | [ save |
T [ screenshot | | ®at |

1. Before you start please enter the correct values for the IP Address and Port. You should already
have set these values for the Licel Multispectral Lidar Detector.

» Using the LabVIEW vi, just enter the required values on the TCP/IP page and save them

as defaults.

Pulse Distribution | RawData TCPfIP |

IP Address
10.49.234.234

Port
’:;l 2105

_ Timeout
’:"J 5000

« If you run the Windows application you may enter the values while the program is running.
They will be written to the initialization file PMT32Channel.ini as soon as the program
has successfully established a TCP/IP connection to the controller. You will see the full
path of the file in a file path indicator on the TCP/IP page. Of course you are free to edit
the initialization file before starting the program and enter the values for the /P Address

and Port there.

Initialization File

% C:\Program Files (c86)\Licel\PMT 32Channel \PMT 32Channel.in

« If you would like to disconnect from the current controller and to connect the software to a
different one just change the values of the /P Address and Port and click the

Reconnect I button

2. Please switch the Licel Multispectral Detector on and connect a trigger to the trigger input.
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3.

To start the program press the Run button at the top left of the screen.

The Windows application will start automatically when called for the first time.

After a short time the TCPIP indicator should change its color from red to green indicating a
successful connection with the Licel Multispectral Lidar Detector. If the indicator remains red
and/or an error is indicated, please check the values for /P Address and Port, change them on
the program’s panel if necessary. Check if the Licel Multispectral Lidar Detector is running and
that all network connections are correct.

@ e — () TCPIP

To record pulse height distributions please follow the steps below:

1.
2.

w

© N o o &

10.

11.

12.

. Click on the

Make sure that your TCP/IP connection is alive,
Enter the desired voltage and switch the High Voltage on.

Make sure that your external trigger signal is connected to the controller or switch the Trigger
to Internal so that the controller will generate one.

If supported you can open the mechanical Shutter from the software.
If supported by the controller you may change the Binwidth (ns).
Select the Start Signal Bin, Final Signal Bin, and the Shots to Average.
Select the Start Discriminator Level and the Stop Discriminator Level.

Select the Active channel by enabling the LED type control field below the upper graphics. The
numbering is as follows

o[2[4[6[8[]10[12 1416 [ 18202224 [ 26 [ 28 | 30
118579111815 17 |19 |21 23|25 |27 [ 29 | 31

Slaal button. The Licel Multispectral Lidar Detector will acquire the de-
sired number of shots for each discriminator level between the Start Discriminator Level and
the Stop Discriminator Level. The acquired data of the active channels is averaged between
Start Signal Bin and Final Signal Bin. The result is displayed in the graphic plots Integral MHz
and Differential MHz. The most bottom display is intended to show the Acquired Raw Data for
the active channels.

Click on the IE button to stop a running pulse height distribution.

By clicking the E button and choosing a file name in a subsequent dialog the
Inegral MHz data is saved to a text (ascii) file.

Clicking the Screenshot l button and choosing a file name in a subsequent dialog will save
the current panel to a portable network graphics (png) file.
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13. Clicking on it l or * at the top right of the window will stop the application’s exe-
cution. When run as a Windows application the front panel window will close. In the LabVIEW
development system the window will remain open and you may restart the program using Lab-

VIEW’s run button .

5.3 PM32 Channel Acquisition

You can load PM32 Channel Acquisition by either double clicking on the PMT32Channel.vi in the
LabVIEW project. If you installed the Windows applications please start the program by selecting the
entry PM32 Channel Acquisition in the Licel PM32Channel section of the Windows Start menu. After
doing so, you should see a screen similar to the one below.

T3 PMT22Channel Main (version LOBOO/TCPIP 244 rev. 767 . S kﬂﬂi&
Eile Edit View Project Operate Tools Window Help ﬂﬂﬂﬂ[lﬂll
» =
Mutispectral Lidar | Rol | Confiquation | Acquisition Rate / Shots/Sec |99, 3 Data Process Rate / Shots/Sec | 53,5
PM Selector A 3D Plot. ] Contour Plot | Read Internal | Push DeltaT | Intern | No Display |
iy High Voltage
27,5+ 500
B UXJ«\?(IUDD
- #
fimed |
i 13
ON
400 500 00
200 2t/ 700
. .
200~ 800
1007 900
. N
0 1000
ESES ‘ | | | hlullll.hl.‘h.. a0 T A0
SO00 10000 15000 20000 25000 30000 35000 40000 45000 50000 :
Emact Discriminator 9
B2l Range (m) o |y . .
S
Live | | Modefide | averaged Count | | 2144
Last iad Trigger
, External
50z S |50 g <
40
b
03
0 Update # Shutter *
oM of=0 L1 | o O
| Owe

1. The program’s front panel is structured using three pages, Multispectral Lidar, ROI, and Config-
uration. General settings are defined on the page Configuration. The acquisition settings and
the main data display are located on Multispectral Lidar. The page ROI enables to inspect the
32 channel spectrum in a defineable range.

2. TCP/IP connection parameters, global parameters, and basic acquisition settings are defined
on the on the Configuration page.
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4 ¢ Tr——
Licel Zync MercuryZX 1 5P32-HR Rev 2 Ethernet Controller Rev-03.08.2017-Release
% c:\Program Files (x868)\Licel\PMT 32Channel\PMT32Channel.ini

pein | diasams | Gfsasusss | s £ o

c:\data\PMT32Channel =l £ ram

INI NI NI NINI NI NI NI NI NI NI NINI NI NI NI NI NI NINI NI NI NI NI NI NI NI NI NI NI NS

o | Yo |

3. Before you start please enter the correct values for the /P Address and Port. You should already
have set these values for the Licel Multispectral Lidar Detector.

+ Using the LabVIEW vi, just enter the required values on the TCP/IP page and save them
as defaults.

« If you run the Windows application you may enter the values while the program is running.
They will be written to the initialization file PMT32Channel.ini as soon as the program
has successfully established a TCP/IP connection to the controller. You will see the full
path of the file in a file path indicator on the TCP/IP page. Of course you are free to edit
the initialization file before starting the program and enter the values for the /P Address
and Port there.

Ic:‘Fmg'iln Files (x86)\Licel\PMT32Channel \PMT 32Channel.ini

« If you would like to disconnect from the current controller and to connect the software to a
different one just change the values of the /P Address and Port and click the

| Reconnect  {pon.

4. Please switch the Licel Multispectral Detector on and connect a trigger to the trigger input.

5. To start the program press the Run button at the top left of the screen.

Fil= Edit

Bl

The Windows application will start automatically when called for the first time.
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6. After a short time the TCPIP indicator should change its color from red to green indicating a
successful connection with the Licel Multispectral Lidar Detector. If the indicator remains red
and/or an error is indicated, please check the values for /P Address and Port, change them (on
the program’s panel or in the initialization file) if necessary. Check if the Licel Multispectral Lidar
Detector is running and that all network connections are correct.

@ o — () TCPIP

7. If the controller sends the data via a second TCP/IP connection a second TCPIP indicator will
be visible.

If you run the program for the first time it is recommended to verify and set some parameters. If the
storage path for the data files found in the initialization file is invalid a message will inform you:

# (|

Please select a valid path as your working directory.
The working directory is used to store your data files.

Please refer to the next subsection to set the working directory and the other parameters.

Clicking on ExiL I or X at the top right of the window will stop the application’s execution.
When run as a Windows application the front panel window will close. In the LabVIEW development
system the window will remain open and you may restart the program using LabVIEW’s run button

=]

Global Configuration Parameters

The global configuration parameters can be set in the middle of the tab page Configuration

Mjﬁq:)ectraludarl ROI  Configuration I .

Global measurement info
Location Longitude Latitude Height asl
[Berlin o)l 13,384714 o)|52,542538 ojl45,00
Working Directory first letter
I“n c\data\PMT32Channel h’l Ia
Laser Frequency
‘,‘ 10,00

The Working Directory is the location where you want data files to be stored and the First Letter is a
letter that will be used as a prefix for the file names. Directly enter the path of the Working Directory
into the control field or browse your file system using the browse &l button. The format of the file
names is

?YYMDDhh .mmssxx
where 2 is the First Letter, YY is the year of the century, where M is the month (hexadecimal, 0 — C),
DD is the day of the month, hh is the current hour of the day, mm are the minutes, ss the seconds, and
xx the first 2 decimal places of the seconds.
For example the filename

a0552011.281650
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is a file that would have been taken on May 20, 2005 (or 2105...). The operator set a to be the first
letter (as in the screenshot) and the time was 11:28:16.50.

The other information above has no effect on the program execution, it is only stored in the data file
headers for later reference. The fields available are your current Location (e.g. Berlin), the Longitude
and Latitude of your location, the Height as/ (above sea level) of the location of your acqusition
system, and the repetition rate of your laser (Laser Frequency).

All these parameters (as well as the Working Directory and the first letter) are written to the initializa-
tion file global info pm32.ini once you change any of it. Upon starting, the program preloads
the information from the file that is located in the same directory as the libraries or the Windows
applications, respectively.

The data file format is described in an appendix.

Bin Width
The number of bins (# Bins) and the Binwidth (ns) can be set on the
o right side at the Configuration page. A new entered value is coerced
1024 to the allowed range of the controller. Please note the dependency on
Binwidth (ns) the number of acquired shots. Whether the Binwidth is in nanoseconds
07 or in meters depends on the setting of the Range/Time Scale switch
below.
Wide Memory
‘ Long

Channel Configuration

Also on the Configuration tab page the 32 PMT channels options can be set.

Active Channels for saving Select Al I Unselect All I
0000000000 0000000000000000000000
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Range,Time Scale
bNanoseoonds

Center Wavelength / nm nm per Channel
‘_,‘420 <ll5,00

The following settings are available:

Active Channels for Saving defines the channels to be saved to data files. This setting is stored in
the initialization file.

Select All selects all channels
Unselect All unselects all channels

Center Wavelength this wavelength is the center wavelength of the 32 channel PM array found after
a calibration. This value effects together with nm per Channel the wavelength of
the individual channels in the header lines of the data files and the display of
the spectrum on the Multispectral Lidar tab page. This setting is stored in the
initialization file.

nm per Channel this wavelength is the center wavelength of the 32 channel PM array found after
a calibration. This value effects together with Center Wavelength the wavelength
of the individual channels in the header lines of the data files and the display of
the spectrum on the Multispectral Lidar tab page. This setting is stored in the
initialization file.
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Range/Time Scale this switch defines how the scales of the transient plots on the Multispectral Lidar
and ROl are shown, either in nanoseconds or in meters. This settings affects the
appearance of the Binwidth, too.

According to the center wavelength (Wavelength / nm) and the nm per channel the assigned wave-
lengths to each channel will be written to the initialization file global info pm32.ini.

Setting The High Voltage

The High Voltage is set in the middle of the page Multispectral Lidar.

High Voltage

500
a /;74\ 1000
e

ON

The High Voltage value is saved into the initialization file. The voltage set at the Licel Multispectral
Lidar Detector is displayed at the top.

Current Warning Level

To find an appropriate warning level for the current value after setting the
high voltage proceed as follows:

1. Measure power consumption in darkness:
Set the HV to your preferred setting. Keep the detector in darkness.
Read the current value in the Intern tab.

Current 2. Measure power consumption with lidar signal:
0,80 peak Now take a lidar measurement and read the current again. Usually
: this value will be the same as your dark value.
0,77 0,4 mA
0,6- now 3. Set the warning level slightly above the measured value(s) before.
0E= 0,3 mA Now you have a warning level which is adapted to your HV setting
0:4_5 and to your operating conditions.
u,g-f 4. If you found an appropriate value for the warning level for future usage
0;2_3 you could change that maximum value in the initialization file :
0,1-

= [HV_Current]

0- Max_mA = 0.3
If an operator sees no signal but the Photomultiplier Overload warning is shown, then he will know
that there is too much light on the detector and he should decrease the overall light level.
You can play with pulsed signals (LED source) with variable duty cycles and use pretty strong pulses.
You will then see blooming effects when secondary electrons flow into neighboring channels. In this
condition you might see a weak increase of the current meter.
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Discriminator Level

The Discriminator Level is set in the middle of the page Multispectral Lidar, as well, the corresponding
control is located directly below the High Voltage switch.

Discriminator }“3
. A

The Discriminator level and the High Voltage value are saved to the initialization file. The voltage set
at the Licel Multispectral Lidar Detector is displayed at the top.

External / Internal Trigger

In normal operation it is assumed that an external trigger source is available. For testing purposes
or calibration with a continuous spectral lamp the controller is capable to generate an internal trigger
signal. The function is enabled by the Trigger switch.

Trigger

-

Mechanical Shutter

A Shutter switch is operable if an external mechanical shutter is supported by the controller.

Shutter *Dpeno

The Live Mode

PM32 Channel Acquisiton will always start in the Live mode. The Mode can be switched with the
mode selector at the top in the middle of the Multispectral Lidar tab page. Please refer to the screen-
shot above.

Live | Acauis | Mode [ Aquiring
_Shninumher Last Acquired
100'; Je0 |100
80~
o
40
20 Update #
H i

In the oscilloscope-like Live mode an acquisition is started and the shot number is monitored and
displayed in the Shotnumber field. When the detector has acquired the desired number of shots Up-
date # and is ready to be read out, the data is read and displayed at the left side. The only necessary
action in the software to obtain a signal is to set a value for the High Voltage and switch on the high
voltage on the right. The Mode above is the current acquisition mode of the Licel Multispectral Lidar
Detector.

If the Update # is set to 1 the acquisition is started with the TRANSMIT option. Data is immediately
read from the Licel Multichannel Lidar Detector. If no trigger is received in this mode this is indicated
at the top.
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Live |m|

Mode |Idle . No Trigger
i

An acquisition during the live mode can be stopped using the Freeze u button e.g. for
a deeper inspection of the displayed trace or for making a screenshot. The live mode restarts after

clicking on

-

The Acquisition Mode

The Acquisition mode is intended for single acquisitions or a number of fixed or unlimited multiple
acquisitions including file storage.

uvercm|

Mode |Idle

[ serten || stoen || saveca |

!F) I Multiple (unlimited) | Acquisitions of

00 shots
Done: |100 Shots Last File

IO Acquisitions. ltemp .dat

The following list explains the functionality of the buttons and input fields related to acquiring data
and saving it to files.

Start (F1)

Stop (F2)
Save (F2)

Start

Stop

Data Display

starts a single acquisition with the number of Shots specified below. The acquisition
stops when the number of Shots has been reached or when the user presses Stop.
The number of acquired shots is displayed below. All acquired data are displayed and
the data corresponding to the Selected Channels for Saving are saved to a temporary
Last File temp . dat in the Working Directory specified before.

Stops a running acquisition.
Saves the current temporary file to a file named according to the file name convention.
Multiple acquisitions are started with the

button in the bottom section from the figure above. Once a multiple acquisition has
been started the label of the button changes to

and could be used to stop a running acquisition. The data corresponding to a com-
pleted acquisition is written to a file in the Working Directory. The file name is dis-
played in the Last File field. The number of acquired shots and the number of com-
pleted acquisitions are displayed. The program acquires data and writes files until
Stop is pressed. Optionally a fixed number of acquisitions to acquire can be set by

switching the Multiple (unlimited) field to O SEEEEE 1 a fixed number of
acquisitions is set the acquisition will stop automatically after the specified number of
data files has been written.

The data is displayed on the two pages Multispectral Lidar and ROL.
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Multispectral Lidar
Two display indicators are available on the page Multispectral Lidar:

1. Individual channel display (left): here the averaged count rate for an individual channel is

displayed. The channel is selected by the PM Selector P selector 20 . The channel selector as
well as the scale settings are used for the channel display on the page RO/, as well.

2. Multidimensional Display (right) Furthermore the data is displayed either as a 3D Plot (see
above) or a Contour Plot.

:{JP‘ot. Contour Plot |

30000 - Ii

23000 -

26000 -

24000 -
22000 -
20000 -

18000 -
£ 15000~
o
g
E' 14000 -
[=3
12000-
10000 -

3000 -
6000 -
4000 -
2000 -

L — o
0 2 4 6 8 10 12 14 16 13 20

Channel #

Color Scale ‘_.—‘Linear

For the Contour Plot three Color Scale options are available, Linear, Logarithmoc, and Auto
where all color regions represent the same number of counts.

ROI
Two display indicators are available on the page RO!:

1. Individual channel display (left): here the averaged count rate for an individual channel is

displayed. The channel is selected by the PM Selector P===e o . The cursors are used to
specify the integration region for the spectrum (right). The channel selector as well as the scale
settings are used for the channel display on the page Multispectral Lidar, as well.

2. Spectrum between Cursors (rigth): the spectrum is obtained by integrating all acquired chan-
nels in the range specified by the cursors in the individual channel display. The specified range
is shown at the bottom below the graphic display. The Channel Display x-axis may be switched
either to the channel Index display or to a Wavelength scale according to the Center Wave-
length and nm per Channel from the configuration.

StartHeight (m) | 2700
‘ Channel Display Range (m) |8460
¥ index Boe |32

UDP Synchronization

It is often important to acquire data that is in synchronization with data from other applications. For
that, the PM32 software is able to receive START and sToP commands via UDP. If the other data
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acquisition software the PM32 acquisitions should be synchronized with is capable to send those
START and sTOP commands we will get nearly synchronized data.

Licel's TCPIP Acquisition software TCPIP Acquis for acquiring data from Licel’s transient recorders
is capable to send START and STOP during multiple acquisitions. To achieve a synchronization with
Licel's TCPIP Acquis follow the steps below:

1.

Configure Acquis to publish START and sTOP commands via UDP. Choose either Broadcast
or set an IP address equal to the IP address of the PC where the PM32 Channel software is
running. Make sure that the selected port must not be blocked by firewalls in the network.

In the PM32 channel software go to the tab page Configuration (top right).

Enable the UDP Synchronization: the program should listen at the
given UDP port for START and STOP notifications by TCPIP
Acquis or M-Acquis (Only in Acquis Mode):

UDP Port
Enable the UDP Synchronization | 2088

Enable the UDP synchronization by checking the corresponding checkbox.

Enter the UDP Port. This should be the same port as configured in the UDP configuration of
the acquisition software.

An additional indicator (LED) will be visible right to the Start button while the UDP synchroniza-
tion is enabled.

@ ™ Acquisition

. Start a multiple acquisition at Acquis. From then the PM32 Channel software will automatically

Start and STOP nearly together with the acquisition software.

. While the multiple acquisition at Acquis is active the LED indicatior will logg ligth green.

) TR Acquisition

5.4 PM32 Viewer

You can load the PM32 Viewer by either double clicking on the PMT32 Viewer.vi in the LabVIEW
project. If you installed the Windows applications please start the program by selecting the entry
PM32 Viewer in the Licel PM32Channel section of the Windows Start menu. After doing so, you
should see a screen similar to the one below.
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PM32 Viewer

Viewer | Calibration |

Photoncounting 0,00 “

Channel -1 MHz
A
_Dataset o —_ 2,60E-2 = B ¢l
2,40E-2— Photone 330 0,00E+C
Mode Photon Ceunting 2,20E-2- = [l Offset Start
Photone 24870 | 0,00E+(
Discr.-Level a 2,00E-2- = B Offzet End
Resolution 0,00 m B Photonc 16530 | 0,00E+(
- m 1,60E-2— =l Spectrum S 7410 | 4,94E-3
e 1,40E-2 | Photonc
7 m
# Shots 0 e = HEEE: 1560 | 247E-2
" Photanc J
1,00E-2-
8,00E-3-
- ] Offset 6,00E-3 -
4,00E-3-
Display Mode  '1Raw 2,00E-3-
YV,
Offset Start 24870 m 0,00E+0-, i | i | | ] ) ] i i i i
o 2500 5000 7500 10000 12500 15000 17500 20000 22500 25000 27500 29870 |m
Offset end 16590 m
o] @R B
|y
Open ' | < Previous I ‘ Next > I | Save All | ‘ Save Single
Spectrum between the green Cursors Spectrum Start and Spectrum End
ol |

Channel Display
_J Wavelength

0
14 16
Channel #

Channel # ME Lo

Averaged

gl

To start the program press the Run button at the top left of the screen.

File Edit

o

The Windows application will start automatically when called for the first time.
A desired data file may be loaded by pressing the Open button.

Open

A file selection dialog will appear. At the program start this dialog will come up without pressing the

button.
open

Loak in: | ) temp

2l
x|« ® ek E-

() 5ummed Files
5(362413.532
=l dozB1515. 335
(= z03B1815. 342

File name: ~ [a0382413.532

Caneel

=

Files of type: |AII Files [*.7]
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Select a valid data file, press open and the dataset number specified by the dataset control will
appear in the graph indicator.

Viewer | Calibration |

Path % D:\data\PMT321a08C1616. 184619

Channel 1 MHz Photoncounting 355.00 “
r . — 1,10E-1-,
Dataset e g Cursors: Xy 0]
1,00E-1 =
Mode Photon Counting Saread Photoncour| 276 0,00E+(
T = - - = [l Offset Start
serLeve 8,00E-2- Photoncour| 24717 | 0,00E+(
Resolution 30,00 m 7.00E-2-] = [l Offset End
s 0 ! Photoncourr 16580 | 0,00E+(
6,00E-2 | = |l Spectrum Start
# Shots 99 m— Photencoun 7410 | 4,94E-3
s = Ml Spectrum End
4,00E-2- Photoncoun| 1560 2,4?E-2J
3,00E-2-
g | Offset 2,00E-2-]
Display Mede 1]Raw 1,00E-2 |
v
Offset Start 24870 m 0,00E+0- | | i ] [ ] [ ] 1 1 ] 1
o 2500 5000 7500 10000 12500 15000 17500 20000 22500 25000 27500 29970 (m
Offset end 16590 m
sl Eanl &
8y

‘ Open ' ‘ < Previousl |" Next > I | Save All I ‘Savesingle
by

Spectrum between the green Cursors Spectrum Start and Spectrum End

+HEwl |

Channel Display

Wavelength {nm) ﬂﬂﬂ
ol

J Wavelength

(D
324

y L

1 1 1 [] ] ] ] o ] [} i [] ] ] [} [}

340 350 360 370 330 390 400 410 420 430 440 450 460 470 480 450 500 510
Wavelength (nm)

Averaged

The channel index corresponding to the dataset read from the file is displayed top left

Channel ]
The wavelength is displayed in the graph legend

Photoncounting 355.00 (RN |

and the units used for the y-axis (MHz)is seen in the upper left hand corner of the graph
MHz
The discriminator level used during the acquisition is displayed

Discr.-Level 3

Furthermore the bin resolution is given in meters

Resolution 30,00 m

and the number of range bins and the number of acquired shots are displayed:
# Bins 1000

# Shots 99
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The full path to the current data file is shown in the path indicator.

Path % D:\data\PMT32\a08C 16165, 184619

If you would like to see a different dataset (spectral channel) from the loaded file, use the Dataset
control to choose it.

Dataset 1 f-;l-D i
-+

Below, dataset 13 (Channel 19 in our example) is shown.

Channel 15 MHz Photoncounting 442,00 m
~Dataset -’:'}13 — 1,10E+2 -
1,00E+2 -
Mode Photon Counting 3,00E+1-
Discr.-Level 3 8,00E+1-
Resolution 30,00 m 7,00E+1-
# Bins 1000 &,00E-+1-
# Shots 99
5,00E+1-]
4,00E+1-
3,00E+1-
Background / Offset 2,00E+1-
Display Mode 'EJ Raw 1,00E+1
Offset Start 24870 m 0,00E+0 -} [ 1 1 | AT i i | ] |
2500 5000 7500 10000 12500 15000 17500 20000 22500 25000 27500 29570 |m
Offset end 16590 m
sz @aell S
82y

The two green cursors define the range for the integration of the spectral display at the bottom of the
program’s panel. Please note that not all channels have been saved in our example so the drawn line
representing the spectrum is broken at the "missing” channels.

Spectrum between the green Cursors Spectrum Start and Spectrum End
55

Higwl |

50-

te (MHz)
no& &

Averaged Countra

L

Channel Mgﬂ

I
0 2 4 [ 8 10 12 14 16 18 20 22 24 26 28 30 31 .
Channel # Averaged ﬂﬂﬂ

The x-axis may be set with the Channel Display switch either to Index or Wavelength.

Channel Display

Index

All cursor coordinates are displayed in the cursor list:
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Cursors: | X | ¥ [ ]
&L t-null
Photoncourn| 276 0.00E+(
— | Offset Start
Photoncour 24717 | 0. 00E+(
— | Offset End
Photoncoun 16580 | 0.00E+(
— ] Spectrum Start
Photoncoun 7410 | 4 94E-3
— i} Spectrum End
Photoncoun 1560 2,4]"E-}‘_J

Currently the data is being shown in raw mode. The Offset Start (blue) and Offset End (red) cursors
can be used to correct for the baseline offset. If the Display Mode Offset Corr. is used, then the mean
value of the signal between these two cursors will be subtracted from the signal in order to create a
baseline corrected signal. Use the cursor controls to move the blue and red cursors (Offset Start and
Offset End) to a region which will be evaluated to generate the new baseline. Change the Display
Mode to Offset Corr. and observe that the baseline of the signal changes.

1 1 1 i [ i [ i [ i [ i
] 2500 5000 7500 10000 12500 15000 17500 20000 22500 25000 27500 29970 |m

In the image above, you can see that the baseline is now closer to zero. The end values of the region
to be used to evaluate the baseline are shown in the Offset Start and Offset End indicators.

Dffset Start 24870 mi
Offset end 16050 m

The data can also be displayed in the Pr2 Pr? mode which corrects for the power loss due to the
length of travel of the signal. The key parameter for the Pr2 mode is t-null (yellow cursor) which
defines the starting point of the signal. When switching to the Pr2 mode, the data will look similar to
the following.
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i I 1y

1,00E+5-

1,00E+4- |

1,20E43 -1

1 1 1 i 1 I i I i i i i
] 2500 5000 7500 10000 12500 15000 17500 20000 22500 25000 27500 29970 (m

Note that the signal is only corrected for power loss after the yellow cursor, which is the t-null point.
All values before t-null are left unchanged and those after t-null are corrected for the power loss due
to distance. The difference in the display is due to the fact that the scaling has been changed to a
logarithmic scale for easier viewing.

Please remember that the Pr2 signal is always offset corrected, as well, using the blue and red
cursors.

Once you have adjusted your signal and would like to save it to a file in ASCII format as it is displayed,
press the Save Single button.

Save Single

A file dialog appears asking you to name the ASCII file.

Please select a filename for ASCIT colu Alx|
Save in: I ) temp j - EF EE-
) 5ummed Files
File: narme: IM_\J ASCH Prata Save
Save as pe: I Cuiztom Pattem [*.dat) j Cancel |

Enter the desired file name press Save. The file extension .dat will automatically be added to the
file name unless you choose a different extension. Afterwards the data is saved in ASCII format as a
column and can be imported into other programs for further evaluation.

Save All

converts all datasets contained in the actual data file to an ASCII format file and appends the ex-
tension .dat to the end of the actual file’s name. The whole file can then be imported into other
programs.

If you would like to load the next file or previous file in a time series, this can be done by pressing the
< Previous or Next > buttons.

< Previous Mext >

By pressing one of these buttons, either the file acquired before or after the current file will be dis-
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played if it exists in the same directory. You can then manipulate the data using the aforementioned
capabilities of PM32Channel Viewer and save the data from the new datasets to ASCII if desired.
Two data file utilities may be called from the PM32Channel Viewer, one to sum the data values of
several files to one single file (Datafile Addfiles Interface.vi), and another to convert the
data from several files to corresponding ASCII files (Datafile Batch Converter.vi).

By pressing Combine Datafile Addfiles Interface.vi isinteractively called to sum the data
contained in a set of subsequently recorded data files.

Combine I

You will have to specify:

1. the name of the first file to add

e
x

Please select the first file to add

Suchen ir: Ia temp j - = E-

3] d0530915. 140051

0530915, 123670
d0530915, 123994
] dosa0915. 124219
0530915, 124542
0530915, 124967
d0530915, 125268
] dosa0915. 125511
d0530915, 125532
d0530915, 130256
d0530915. 130575
d0530915, 130899
[]dosa0915. 131122
o8] do530915. 131444

d0530915.131865

D530915,132409
0530915, 132732
[s#] dos0015. 133153
0530915, 133475
0530915, 133797
[#] dos30015. 134015
0530915, 134342
0530515, 134765
0530915, 135085
0530915, 135309
0530915, 135632

8] 0530915, 140375
8] d0530915. 140697
] 0530915, 140922
8] 0530915, 141244
8] d0530915. 141664
] 0530915, 141986
8] 0530915, 142208
8] d0530915, 142532
] 0530915, 142954
8] dos30915. 143277
8] d0530915. 143598

@ d0530915.143820

L= (8% % %,

* [

[ ateiname: IdDSBDS‘I 5.132188 j Offrien I

D ateityp: IAII Files [%.%] j Abbrechen |
7

2. the name of the last file to add
Please select the last file to add

Suchen in: Ia temp j

e
x

= @ £ E-

0530915, 164750
d0530915, 165071
d0530915, 165389
0530915, 165607
d0530915, 165933
d0530915, 170351
d0530915, 170671
d0530915, 170992
] dos30915. 171213
] dosa0915. 171534
] dos30915. 171957
0530915, 172277
d0530915, 172501

d0530915.172620
[#] dosns15.173141
d0530915.173567
d0530915.173885
[5|dns30915. 174108
d0530915. 174426
0530915, 174745
[#] dos0a15.175169
d0530915.175459
d0530915.175709
d0530915.175867
d0542012.573454
d0542012.574665

=] d0s42012 575261
8] do542012,575530
8] 0552013, 281650
8] doss2014,575687
] dos52014,580207
8] dos52014,581 757
8] doss2014,582217
] doss2014.585162
8] do552014,585480
8] doss2014,585707
] d0552014,590019
8] dos52014,590342

Q d0552014.590756

L= ) . 8, %[ % % %,

: [

D ateiname: |d0530915.1?41 0g j ifren I

D ateityp: IAII Files [*.%) | Abbrechen |
A

3. the name of the target directory for the file containing the summed data.
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Please select a directory for the accumulated files x|

[ ateiname: IDDSBDS‘I 5141244 j Offren I
= D ateityp: IAII Files [%.%] j Abbrechen |
Werzeichnis wahlen |

4, and

4. the first letter of the file name

{3l Please enter the requested value —10] x|

Enter the first letter for the file

| Ok ' | Cancel ‘

Z

Both the first and the last file must reside in the same directory. The data from the files with acquisition
dates/times lying between the first and the last files (including them) are summed and written to a
target file into the target directory. The target file’s name begins with the first letter, and the rest of
the name is taken from the first selected file.

By pressing Convert Datafile Batch Converter.vi is interactively called to convert the data
contained in a set of subsequently recorded data files to ASClII files.

Convert l

The selection mechanism to select the first file, the last file, and the target directory is the same as
for the sum operation.

Both the first and the last file must reside in the same directory. The data from the files with acquisition
dates/times lying between the first and the last files (including them) are converted as described
above for the Save All operation. Each data file will result in an ASCII file named by the original file
name with the additional extension . txt.

Clicking on Exil or X at the top right of the window will stop the application’s execution.
When run as a Windows application the front panel window will close. In the LabVIEW development
system the window will remain open and you may restart the program using LabVIEW’s run button

=]

5.5 Calibration

A calibration routine is included in the PM32 Viewer to calibrate the Licel Multispectral Lidar Detector.
Please note that the calibration depends on the used spectrometer and especially on the grating
inside.

Please open PM32 Viewer as described above and switch to the tab page Calibration.
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Viewer Calibration |
o
A
Calibration Lamp /0,000 Cut Wavelength tamp Fg¥d | combined spectrum NG |
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o)l 420,000 §
W @
# of Channels 20,6-
L E‘ 015 —|
F\IDEHB Lambda < 0,4
<1 5,000 o
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| Reset |
0 I I I ] ] I I I ] I
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Line File %
Mean Square Deviation
Multichannel Spectrum Spectrum - = b
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. e
T
% l:‘ DeltaFix  cyrrentLambda Optimal Lambda Center
= 420,000 420,000
c
é Current Delta Optimal Delta Lambda
= 5,000 5,000
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@
o
H
Lambda Center Search Range £ {nm) Lambda Center Search Step {nm)
s /0,05
Delta Lambda Search Range + (nm)  Delta Lambda Search Step {nm)
Channel :J 2 :’—j 0,01
Data File %

The calibration is done using the following steps:

1.

Acquire a spectrum of a calibration lamp (e.g. mercury) with the Licel Multichannel Lidar De-
tector using PM32Channel Main.vi’s Single Acquisition.

. Load a known high resolution line spectrum into the calibration routine e.g. the mercury line

spectrum in the delivered file in a11Lines NIST.txt.

. Guess a center wavelength and a wavelength resolution (nm per channel) of the Licel Multi-

channel Lidar Detector. If you are using the MS125 spectrometer please refer to the spectrom-
eter's user manual to obtain the center wavelength from the micrometer scale and the grating’s
number of lines per millimeter.

Press the Integrate button to integrate the high resolution spectrum using the center wavelength
and the wavelength resolution. This simulates the acquisition with the Licel Multichannel Lidar
Detector.

. Compare the integrated line spectrum with the acquired spectrum and calculate the mean

square deviation.

. Change the center wavelength and / or the wavelength resolution and repeat the 2 previous

steps. Minimize the mean square deviation.

This procedure is implemented in the calibration routine. The corresponding steps here are:

1.

acquire a spectrum of a calibration lamp (e.g. mercury) with the Licel Multichannel Lidar Detec-
tor (Acquisition mode). Make sure that all 32 channels are written to the data file.

. get a known high resolution line level spectrum for your calibration lamp. You may get spectro-

scopic data for many atomic transitions e.g. at
http://physics.nist.gov/PhysRefData/ASD/lines_form.html. The file format needed is a text (ascii)
file containing two columns, wavelength in nanometers, and the relative intensity. A line spec-
trum of mercury is provided in the delivered file al11Lines NIST.txt.
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(a) load the spectrum to the calibration routine using the Load Lines button and choosing a
file in a subsequent file dialog

_. The data found in the file are plotted in the to left display. You may specify
a Cut Wavelength to simulate a wavelength high pass filter before loading the file:

.I"
L’ LiLLL Cut Wavelength . Wavelengths below the specified Cut Wavelength are

ignored in that case.
(b) Enter your guessed center wavelength (Lambda Center) and wavelength resolution (Delta

Lambda)
Lambda Center Delta Lambda
4 420,000 45000
5:| ! ".';:I ' . Click on the button Integrate

_. Now the intgrated high resolution spectrum is shown in the Calibration
Lamp display.

Calibration Lamp :) 0,000 Cut Wavelength Lamp m

Wavelength

(c) You may reset the intgration using the button Reset
(d) The path of the loaded Line File is displayed below the graphics.

(e) You may save the intgrated line spectrum using the button Save and specifying a file name
in a subsequent dialog.

3. (a) Load the acquired spectrum to the calibration routine using the button L.oad on the left and
choosing a file in a subsequent file dialog

-. The acquired Multichannel Spectrum is displayed at the bottom left.
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Multichannel Spectrum Spectrum -
16—

Averaged Countrate (MHz)

1 1 1 1 1 1 1 1 1 1 1
10 14 16 18 20 22 24 26 28 30 32
Channel

(b) The path of the loaded Data File is displayed below the graphics.
(c) a further click on Integrate

\
- will display the acquired spectrum together with the integrated line spec-
trum at the top right.
Lamp m
Combined Spectrum -

[ 1 1 SO 1 1 o i
320 340 360 330 400 420 440 400 480 500 520
Wavelength

. The result of the current comparison of the integrated line spectrum with the acquired data is
displayed in the corresponding indicators:

Mean Square Deviation

003411763
Minimum
0,034117535
Current Lambda Optimal Lambda Center
420,000 420,000
Current Delta Optimal Delta Lambda
5,000 5,000

(a) A search will calculate the Mean Square Deviation after integrating the loaded line spec-
trum with all combinations of Lambda Center + Lambda Center Search Range with Delta
Lambda + Delta Lambda Search Range using the step widths Lambda Center Search
Step and Delta Lambda Search Step. A search is started by clicking the Search button.
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search l Lambda Fix

Delta Fix

Stop l

(b) A running search can be stopped using the button Stop.

(c) Lambda Center or Delta Lambda can be fixed using the corresponding checkboxes
Lambda Fix and Delta Fix.

6. After a search has finished the best combination of Lambda Center and Delta Lambda will be
used to display the Combined result.
Lamp N

Combined Spectrum -

1 i 1 1 = 1 - 1 1 1 1 — 1 1
320 340 360 380 400 420 440 460 480 500 520
Wavelength

The resulting values for Lambda Center and Delta Lambda should be entered into the PM32
Channel Acquisition program in the appropriate fields in the Configuration tab.

7. The result of the search can be saved to a text file (4 columns, index, wavelength, integrated
lines, acquired spectrum) using the Save button

Save
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Chapter 6

Data Acquisition using the Licel SP32
Detector

6.1 Data Acquisition Overview

This section describes how to acquire data from the Licel sp32 Detector. It shows in detail the two
modes of data acquisition supported by the detector - The PUSH mode and the SLAVE mode and lists
the steps/procedures for operating the detector in the respective modes.

Please Note : Usage of the term "Detector” refers to the Licel Multispectral Lidar Detector which is

abbreviated as” sp32 7, "Controller” refers to the Licel TCPIP Ethernet Controller present inside the
sp32and "Client” refers to the Data Acquisition Software running on the PC.

6.1.1 SLAVE Mode

In the STAVE mode the detector always expects a command from the client in order to perform any
kind of action and send a reply. Hence in this mode detector is the SLAVE and the client is the
MASTER. The different commands accepted by the detector and its corresponding replies are listed
in the the TCP/IP Command List and Syntax inthe appendices chapter of this manual. Please
refer to the appendices for more information on the corresponding commands. The typical steps
involved for acquiring data from the detector in the SLAVE mode are :

» Step 1 — TCP/IP Connection : Open up a connection to the COMMAND Socket. All the commu-
nication to the detector in the STL.AVE mode takes place on the bi-directional COMMAND Socket.
The COMMAND Socket is by default on port 2055.

» Step 2 — Hardware Information : Once the connection to the detector is established, the hard-
ware information of the detector must be read out in order to know the different capabilities of
the detector. This can be obtained by issuing the Hw? command on the COMMAND Socket.

» Step 3 — Discriminator Level : A suitable discriminator level must be set before start of data
acquisition. This can be done by issuing the DIsc command on the COMMAND Socket.

» Step 4 — Highvoltage : The detector must have its Photo Multiplier Tube (PMT) high voltage
turned on in order to detect photons. Set a suitable level of high voltage by issuing the PMTG
command on the COMMAND Socket.

» Step 5 — Resolution : When the detector is powered on the default resolution of the detector is
10 ns. A different resolution can be set by issuing the REs command on the COMMAND Socket.

» Step 6 — Rangebins : When the detector is powered on the default rangebins of the detector is
8000. A different value can be set by issuing the RANGE command on the COMMAND Socket.
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» Step 7 — Status : The current status of the detector must be determined before the start of
the data acquisition. Issue a STAT? command on the COMMAND Socket to find out the current
status of the detector. If the detector is not in the Idle state issue a sToP command on the
COMMAND Socket to stop the detector and bring it to the idle state.

» Step 8 — Reread HW Information : Settings the bin width has an impact how many shots can be
aquired and the information is also needed to see what bin width the controller internally uses.
The bin width also influences the compression scheme in push mode. This can be obtained by
issuing the Hw? command on the COMMAND Socket.

» Step 9 — Start : After all the above procedures are complete the detector can be instructed
to begin its data acquisition. Issue a START command on the COMMAND Socket to start the
data acquisition. The sSTART command makes use of additional flags as explained in command
syntax. If the detector is intended to be used in the SLAVE mode, care must be taken that
the START command is either sent without any optional flags or with the TRANSMIT flag under
special circumstances. Under no condition should the pUsH flag be used if the detector is
intended to be used in the SLAVE mode.

Please Note : If the TRANSMIT flag is used, care must be taken that no other command is sent
on the COMMAND Socket until all the data is received from the controller. In other words, the
COMMAND Socket must be blocked until the complete reception of data. It is for this reason
that the use of the TRANSMIT flag is recommended only when a small target shot number
has to be acquired.

« Step 10 — Status : If the detector was started without the TRANSMIT flag, the client should
monitor the data acquisition status of the detector by polling with the STAT? command on the
COMMAND Socket. The shot number should keep increasing till the target shots is reached.
Once the target shots is reached , the data is ready to be read out. If the detector was started
with the TRANSMTIT flag , it automatically transmits the data once the acquisition is completed
and hence there is no need to poll with the STAT? command.

» Step 11 — Data : Once the detector has acquired all the shots it is ready to transmit the data
to the client. Issue the DATA? command on the COMMAND Socket to instruct the detector to
transmit the data. If the TRANSMIT flag was used with the START command then the detector
automatically transmits the data to the client without the need for a DATA? command.

All of the above steps are illustrated in the form of a flowchart on the next page for easy reference.
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Retry

/ Establish TCP/IP Yes

Connection

Yes

Poll

Read Incoming Data /
on Command Socket /
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Data Acquisition Overview

Flowchart : Licel SP32 Detector SLAVE Mode Operation

LabVIEW SLAVE Mode Template

As part of the LabVIEW sources the template VI PMT32Channel SLAVE Template.wvi isincluded.
It is located in the LabVIEW LLB PMT32Channel.11b and may easily be opened from the delivered
LabVIEW project.

-

-
§3 PMT32Channel SLAVE Template.vi Front Panel on PMT32Channellvpraj/My Computer = | B i

File Edit View Project Operate Tools Window Help el
LAVE
templatd

O] [BpTsoms __1[fer [ &[] 3 3 @Ik
SLAVE Mode Example

"

1. Select 2. Select 3. Run the VI 4, View Hardware Information
IP Address and High Voltage, (click on Arrow) Datalnfo PushInfo
Port Discriminator, Binwidth (ns)  MaxBinwidth (ns) Pushsupport
and Target Shots I_Z |_n
IP Address High Voltage #MaxBins MinBinwidth {ns) PushMaxShots
Plu.:e E— 30040(\J Y ?Uum MRUERSET D:mw.dm Bnlncr'lU t -
or’ - - " emen i
A Y i File Edit Vie Compressionl evel
9 2055 200~ 300 == S = |0 |0 |42—
. Timeout 100~ . / ~500 MaxShots i VariableCompression
r) 5000 o \000 |_0 |_0

2 Endian #Channels
‘) C IB\g Endian |32

Discriminator 5 8 “i;"ab‘e'"ace
] :
- #Bins
Target Shots In E
o} 1000
5. Wait until done Acquired data 1stindex (rows): 32 channels, 2nd index {columns): 1000 bins Error ?
Target Shots Data
2 error out
L ﬁ o Mo 0 0 0 0 o 0 0 0 sy
Shotnumber 2 — — — — ~ — — — ~ S
. \a 0 i} i} i} 0 0 i} i} 0 0 il Ho
0 0 0 0 0 0 0 [ 0
source

Mode
e 0 0 0 0 0 0 0 0 0 A
0 0 0 0 ] 0 0 0 0 4

Cancel 0 0 0 i 0 0 0 i i
0 [i] [i] i} i} 0 [i] 0 1]
i i i l i i i

PMT32Channel lvproj/My Cnmputer| 4 | 1 3

Flowchart : Front Panel of the PMT32Channel SLAVE Template.vi
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To run the template VI
1. Select the IP Address and Port
2. Select the desired High Voltage and Discriminator level
3. Rrun the VI by clicking on the arrow icon.

The VI will then

1. Open a TCP/IP connection with the device at the given IP Address and Port (only 1 attempt in
the template VI),

Read the hardware information and display it in the corresponding indicators,

Set the discriminator level to the selected value,

Set the high voltage to the selected value,

Set the resolution to 200 ns if supported by the hardware,

Set the range bins to 1000 if supported by the hardware,

Start an acquisition with 1000 shots to acquire.

During the acquisition the number of shots and the acquisition status is displayed,

When the acquisition is finished the data is read and displayed.

© o ®© N o o ~ w0 D

—

At the end the VI will set the high voltage back to 0 V

—
—

. Close the TCP/IP connection.
12. If an error occurs it will be shown in a standard dialog and on the front panel indicator.

These execution steps can be seen on the block diagram of the VI in the next figure:
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{3 pPMT32Channel SLAVE Template.vi Block Diagram on PMT32Channel.lvproj/My Computer
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o | B i
Lizzl
1 Skt

-~

MaxShots

DataWidth —
Endian

[ False ~f*

2 Datalnfo !
Shotnumber
o)

Target Shots

TCP/IP ref ——

DL

== EITor

y==t|error out|

start acqusition [switch HV off] [close TCP/IP connection][shew errar

multiple shots - wait until dene
this example uses 1000 shots!

76



Data Acquisition Overview

6.1.2 PUSH Mode

The sLAVE mode can sometimes cause a lot of delays due to Nagle Algorithm when the number of
shots to acquire is very low (like in the case of single shot acquisition mode) due to the large number
of small sized commands being issued. In order to overcome this the PUSH mode was introduced. In
this mode, the detector takes on the roll of the MASTER and the client acts as the SLAVE. The detector
is by default initialized to operate in the SLAVE mode after powering on. The PUSH mode is activated
only when the pUsH flag is used along with the START command. Once the PUSH mode is activated,
the detector does not need any additional commands for data acquisition. It transmits the data once
the predetermined number of shots are acquired and automatically restarts the detector for the next
acquisition cycle. The pusH mode makes use of a separate PUSH Socket in order to send data to
the client. The PUSH Socket is on the port COMMAND Socket + 1 and hence the default port for
the PUSH Socket is 2056. The PUSH Socket is a unidirectional communication socket. It is only
used to send the acquisition data from the detector to the client. All commands sent to the detector
should be on the COMMAND Socket and the client can not use the PUSH Socket for any purpose
other than to receive the data.

Once the detector is put into the PUSH mode it starts the acquisition of the requested shots, transmits
it on the PUSH Socket once the acquisition is completed and restarts itself for the acquisition of
the next cycle. This process loops until a sTOP command is sent by the client on the coMMAND
Socket. The sTop command disables the PUSH mode and sets the detector back into the SLAVE
mode. Please refer to the section on Efficient use of SP32 for Data Acquisition for
more information on when to make use of the PusH mode. The typical steps involved in acquiring
data from the detector in the PUSH mode are :

» Step 1 — TCP/IP Connection : Open up a connection to the COMMAND Socket and PUSH
Socket on the corresponding ports. The detector makes use of the COMMAND Socket to
receive commands and send replies. The PUSH Socket is used to send acquisition status
and data to the client.

» Step 2 — Step 8 : These steps are exactly the same as in the SLAVE mode Operation.

» Step 9 — Start : Issue a START command for an acquisition of the required number of shots
capable of being averaged internally along with the pusH flag enabled. The maximum shots
capable of being averaged internally is determined by the Hw? command reply by the
MAXPUSHSHOTS parameter. The PUSH mode is only enabled after the START command is sent
with the PUSH flag. Once the PUSH mode is enabled, all the client has to do is read and process
the incoming data on the PUSH Socket.
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Retry

Establish TCP/IP Con-
nection on Command
and Push Sockets

Yes No

Continuously Read
Incoming Data
on Push Socket

Flowchart : Licel SP32 Detector PUSH Mode Operation

LabVIEW PUSH Mode Template

As part of the LabVIEW sources the template VI PMT32Channel PUSH Template.vi is included.
It is located in the LabVIEW LLB PMT32Channel.11b and may easily be opened from the delivered
LabVIEW project.
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i l
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Flowchart : Front Panel of the PMT32Channel Push Template.vi
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To run the template VI

1.

Select the IP Address and Port

2. Select the desired High Voltage and Discriminator level

3.

Run the VI by clicking on the arrow icon.

The VI will then

1. Open a TCP/IP connection (command socket) with the device at the given IP Address and Port

(only 1 attempt in the template VI),

2. Read the hardware information and display it in the corresponding indicators.

3. If the PUSH mode is not supported by the PM32 detector controller the program will terminate.

If the PUSH mode is supported the VI proceeds by executing the following operations in parallel on
the COMMAND and PUSH Socket.

11.

12.

13.

14.

COMMAND Socket

Sending a STOP command to stop any data
transfer (e.g. if the software has not been cor-
rectly stopped in a previous run)

Set the discriminator level to the selected
value,

. Set the high voltage to the selected value,

Set the resolution to 200 if supported by the
hardware,

Set the range bins 101000 if supported by the
hardware,

Reed back the actual hardware information,

. Start a PUSH mode acquisition.

Stop if the acquisition at the PUSH socket has
been Done or <Cancel> is pressed ((then
set Stopped = TRUE)) or a previous error
has been detected.

A STOP command is sent via the command
socket

The VI sets the high voltage to 0 V.

Program end:

15.

The will close the TCP/IP connection.

PUSH Socket

Open a TCP/IP connection (PUSH socket)
with the device at the given IP Address and
(Port + 1).

Read bytes from the PUSH socket. Extract
data from complete data telegrams. Update
the shot number. Stop if the Target Shots
have been reached (then set Done = TRUE)
or the acquisition has been Stopped or a pre-
vious error has been detected.

The acquired data is displayed.
Data at the PUSH socket is trashed.

The TCP/IP PUSH socket is closed

16. If an error occurs it will be shown in a standard dialog and on the front panel indicator.
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These execution steps can be seen on the block diagram of the VI in the next figures:
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Transmitted Data Format

6.2 Transmitted Data Format

The transmitted data from the detector consists of two parts namely Preamble/Header followed by
the Channel Trace Data. The Preamble/Header contains information about the current data
set necessary for the client to read the incoming Channel Trace Data. Both these parts have
different formats based on the mode of operation of the detector.

6.2.1 SLAVE Mode
Preamble/Header

The Preamble/Header of the data set transmitted in the SLAVE mode has a fixed 16 bytes length.
Note: This header has less parameters than the psuh mode header as in slave mode there is
no compression and no need to synchronize. This might change in future revisions, so that both
haeders are identical.

Dataset Marker = OXFFFFFFFF [4 bytes]
Acquired Shots [4 bytes]
Number of Traces [4 bytes]

Rangebins [4 bytes]

Figure : Slave Mode Transmission Data Preamble/Header

Dataset Marker [ 4 bytes unsigned int] :

The bata Marker is afixed 4 byte value used to denote the start of a data set. The client must use
the Data Marker of the Preamble/Header as a reference to the start of the data set for further
processing.

Acquired Shots [ 4 bytes unsigned int] :

The Acquired Shots is a 4 byte value used to denote the number of internally averaged shots
present in the current data set. This has to be equal to the target shot number of the START
command.

Number of Traces [ 4 bytes unsigned int] :

The Number of Traces is a 4 byte value used to denote the total number of traces present in the
acquired data. In the SLAVE mode each trace corresponds to a single channel of the detector. Hence
this is a fixed value of 32.

Rangebins [ 4 bytes unsigned int] :
The Rangebins is a 4 byte value used to denote the total number of rangebins present in each trace
of the data set. This is equal to the CURRENTRANGEBINS parameter of the Hw? command reply.

Channel Trace Data

The Channel Trace Data follows the Preamble/Header. In the SLAVE mode operation the
detector transmits the Channel Trace Data without any form of compression. The uncompressed
data consists of a single trace for each channel of the sp32 detector . Since the detector has 32
channels , the data consists of 32 tracesand each trace is as wide as the number of rangebins. This
can be represented as the following 2D array:

UNCOMPRESSED DATA[32] [no of rangebins]
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Where the size (in bytes) of each element of the 2D array is as determined in the BINSIZE parameter
of the Hw?> command reply. Shown below is the diagram illustrating how the acquired Channel
Trace Data is stored in the internal memory of the detector.

CHORBH1 «— Width = BINSIZE parameter of the Hw? reply

CHORB2

Trace0 CHORBS3

CHORBN

CH1RB1

CH1RB2

Trace1 CH1RB3

CH1RBN

CH2RB1

CH2RB2

Trace2 CH2RB3

CH2RBN

Trace3-30

CH31RB1

CH31RB2

Trace31 CH31RB3

CH31RBN

Figure : SLAVE Mode Channel Trace Data Memory Diagram
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Where CH x RB Y represents Channel x Rangebin Y and CH x RB N represents Channel x Rangebin
N where "N” is the number of rangebins.

6.2.2 PUSH Mode

Preamble/Header

The preamble/Header of the data set transmitted in the PUSH mode has a fixed 32 bytes length.
Note: This header has more parameters than the slave mode header as in slave mode there is
no compression and no need to synchronize.

Dataset Marker = OXFFFFFFFF [4 bytes]
Acquired Shots [4 bytes]
Compressed Traces [4 bytes]

Rangebins [4 bytes]

Data Time Stamp [8 bytes]

Current Sensor Value [4 bytes]

Data Compression Factor [4 bytes]

Figure : PUSH Mode Transmission Data Preamble/Header

Dataset Marker [ 4 bytes unsigned int] :

The Dataset Marker of the PUSH mode is the same as that of the SLAVE mode. The client must
use the bata Marker as a boundary to separate the continuously incoming data sets on the PUSH
Socket when the Detector is operated in the PUSH mode. It also serves as a reference to the start of
current dataset.

Acquired Shots [ 4 bytes unsigned int] :
The Acquired Shots of the PUSH mode is the same as that of the SLAVE mode.

Compressed Traces [ 4 bytes unsigned int] :
The compressed Traces is a 4 byte value used to denote the total number of compressed traces
present in the acquired data after the suitable compression technique is applied.

Rangebins [ 4 bytes unsigned int] :
The Rangebins of the PUSH mode is the same as that of the SLAVE mode.

Data Time Stamp [ 8 bytes double] :
The bata Time Stamp is atime stamp in milliseconds (accurate to micro seconds) associated with
each data set transmitted.

Current Sensor Value [ 4 bytes unsigned int] :

The current Sensor Value indicates the Analog to Digital converted value of the current sen-
sor reading which measures the current drawn by the high voltage module that powers the Photo
Multiplier Tube (PMT) on board the sp32 detector.
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Data Compression Factor [ 4 bytes unsigned int] :
The Data Compression Factor indicates the compression factor with which the detector is going
to transmit the acquired data.

When a PUSH mode acquisition is running, the detector also transmits the Data Preamble/Header
with only the Dataset Marker and Acquired Shots information. All other fields of the Pream-
ble/Header are set to 0. This is sent to indicate to the user the current status of the internal shot
acquisition during an active PusH mode. Please refer to the section on PUSH Mode Internal
Shot Acquisition Status for more information.

Channel Trace Data

The PUSH mode Channel Trace Data format depends upon the Data Compression Factor
used, which can be obtained from the Preamble/Header. Compression techniques are used in
order to optimize ethernet data transmission by cutting out redundancy. Please refer to the section
on PUSH Mode Transmission Data Compression for more information on the different com-
pression techniques used.

Shown below is the diagram illustrating how the Channel Trace Data is stored in memory with a
Compression Factor of 2.
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Trace0

Trace1

Trace2

Trace3-14

Trace15

CH1RB1 | CHORB1

«— Width = BINSIZE parameter of the HW? reply

CH1RB2 | CHORB2

CH1RB3 | CHORB3

CH1RBN | CHORBN

CH3RB1 | CH2RBH1

CH3RB2 | CH2RB2

CH3RB3 | CH2RB3

CH3RBN | CH2RBN

CH5RB1 | CH4RB1

CH5RB2 | CH4RB2

CH5RB3 | CH4RB3

CH5RBN | CH4RBN

CH31RB1 | CH30RB1

CH31RB2 | CH30RB2

CH31RB3 | CH30RB3

CH31RBN | CH30RBN

Figure : PUSH Mode Channel Trace Data Memory Diagram with a Compression Factor of 2
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Where CH x RB Y represents Channel x Rangebin Y and CH x RB N represents Channel x Rangebin
N where "N” is the number of rangebins.

6.3 PUSH Mode Transmission Data Compression

One of the key factors for the efficient transfer of data from the detector over the ethernet is to avoid
transmitting redundant values (e.g appended Q’s). Since the width of each rangebin in the transmitted
data (BINSIzE parameter of the HW? command) is fixed, based on the number of shots to acquire
and the current resolution setting, there can be different number of redundant 0’s. For small shot
numbers the rangebins will have larger number of redundant 0’s as the summation value will be small.
However for larger shot numbers the rangebins will have a smaller number of redundant 0’s due to
larger summation values. The current resolution setting also determines the number of redundant
0’s present in each rangebin. If the detector has a very low resolution setting, the number of photons
detected in a single rangebin will be large and consequently the number of redundant O’s in that range
bin will be less as they hold a larger value. The detector takes into account both these factors and
implements a variable compression technique where it calculates the best compression factor and
transmits the data using that compression factor. Since the compression factor changes dynamically
based on the number of shots to acquire and resolution setting, the Data Compression Factor
parameter is included in the Data Preamble/Header. The client must decompress the data based on
this factor.

Please Note : The graphical representations shown below explain how the data is acquired in the
internal memory of the controller. However it is very important to note that, the order in which data is
sent over the ethernet completely depends on the endianness of the controller. If it is a Big Endian
system, the highest 8 bits (most significant byte) is first sent. If it is a Little Endian system, the lowest
8 bits (least significant byte) is first sent. The endianness of the controller can be read from the
ENDIANNESS parameter of the Hw? command.

Compression Factor 4

If each range bin of the transmitted data is 2 bytes (16 bits) long and and only 4 bits of that rangebin
contains the needed information with the others being redundant 0’s, then a compression factor of 4
is used. This implies that four channels of trace data are compressed into one single transmission
trace. This gets rid of all the redundant 0’s and all the 16 bits now contain the required information.
Since the sp32 detector has 32 channels, the compressed data will now have 8 traces with each
trace as wide as the number of rangebins. It can be represented as the following 2D array :
COMPRESSED_DATA[8] [no of rangebins].

Where the size of each element of the 2D array is as determined by the BINSIZE parameter of the
HW? command reply.

Shown below is the graphical representation of 0" range bin of the 0" transmitted data trace (16 bits
long) for the above example:

Tors | Tora | Tous | Tore

Tou1 | Toro | Too | Tos

Tor | Tos | Tos | Toa

Tos | Toz | Ton | Too

Rangebin 0
Channel 3

Rangebin 0
Channel 2

Rangebin 0
Channel 1

Rangebin 0
Channel 0

Cs3 | O | Cs1 | Cao

Cos | Coa | Co1 | Co

Cis | Cra | Cu1 | Cuo

Cos | Coz2 | Cor | Coo
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Where C,3..C,o denotes the corresponding Channel Trace bits and T)15...7,¢ denotes the corre-
sponding Transmission Trace bits.

Please Note : With reference to the above example, if the controller is a Little Endian system then the
bits Ty7...Too (Rangebin 0 of Channel 1 and Channel 0) is transmitted first followed by bits Ty15...Tos
(Rangebin 0 of Channel 3 and Channel 2). If the controller is a Big Endian system then bits Ty;5...7T0s
(Rangebin 0 of Channel 3 and Channel 2) is transmitted first followed by bits Ty7...Too (Rangebin
0 of Channel 1 and Channel 0). The decompression of the data on the client side must be done
accordingly.

Example : Let 0x9A8C be the the 2 bytes wide Rangebin 0 Transmission Trace 0 as shown in the
graphical representation above.

If the system is Little Endian 0x8c is transmitted first since its the lowest byte followed by 0x9A. The
first byte received at the client 0x8C can be split as 0xC and 0x8, where 0xC represents Channel 0
Rangebin 0 and 0x8 represents Channel 1 Rangebin 0. The second byte received at the client 0x92a
can be split as 0xA and 0x9, where 0xA represents Channel 2 Rangebin 0 and 0x9 represents
Channel 3 Rangebin 0.

If the system is Big Endian 0x9A is transmitted first since its the highest byte followed by 0x8c. The
first byte received at the client 0x9A can be split as 0xa and 0x9, where 0xA represents Channel 2
Rangebin 0 and 0x9 represents Channel 3 Rangebin 0. The second byte received at the client 0x8C
can be split as 0xC and 0x8, where 0xC represents Channel 0 Rangebin 0 and 0x8 represents
Channel 1 Rangebin 0.

Compression Factor 2

If each range bin of the transmitted data is 2 bytes (16 bits) long and and only 8 bits of that rangebin

contains the needed information with the others being redundant 0’s, then a compression factor of

2 is used. This implies that two channels of trace data are compressed into one single trace while

transmitting. This gets rid of all the redundant 0’s and the 16 bits now contain the required information.

Since the sp32 detector has 32 channels, the compressed data will now have 16 traces with each

trace as wide as the number of rangebins. It can be represented as the following 2D array :
COMPRESSED_DATA[16] [no of rangebins].

Shown below is the graphical representation of 0" range bin of the 0" transmitted data trace (16 bits
long) for the above example:

Tors | Tora | Tors | Torz | Tous | Toro | Too | Tos | Tor | Tos | Tos | Toa | Tos | Toz | Tor | Too

Rangebin 0 Rangebin 0
Channel 1 Channel 0

Ci7 | Cie | C15 | Cra [ Cus [ C1a | Cii | Cro | Cor | Cos | Cos | Cos | Cos | Coz | Cor | Coo

Where C,7..Co denotes the corresponding Channel Trace bits and T.5...7,¢ denotes the corre-
sponding Transmission Trace bits.

Please Note : With reference to the above example, if the controller is a Little Endian system then the
bits Ty7...Tho (Rangebin 0 of Channel 0) is transmitted first followed by bits Ti5...Tps (Rangebin 0 of
Channel 1). If the controller is a Big Endian system then bits Ty;5...7ps (Rangebin 0 of Channel 1) is
transmitted first followed by bits Ty7...Too (Rangebin 0 of Channel 0). The decompression of the data
on the client side must be done accordingly.
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Example : Let 0x5A9C be the the 2 bytes wide Rangebin 0 Transmission Trace 0 as shown in the
graphical representation above.

If the system is Little Endian 0x9c is transmitted first since its the lowest byte followed by 0x5a. The
first byte received at the client 0x9cC represents Channel 0 Rangebin 0 and the second byte received
at the client 0x5a represents Channel 1 Rangebin 0.

If the system is Big Endian 0x52 is transmitted first since its the highest byte followed by 0x9c. The
first byte received at the client 0x5A represents Channel 1 Rangebin 0 and the second byte received
at the client 0x9c represents Channel 0 Rangebin 0.

6.4 PUSH Data Time Stamps

Every dataset transmitted by the detector in the PUSH mode on the PUSH Socket has a time stamp
associated with it. This is the time in milliseconds since powering on the detector. The PUSH Data
Time Stamp can be used to monitor the interval in which the push datasets arrive at the client. For
a certain laser trigger frequency and target shot number - the detector acquires data, timestamps
the data, transmits the data and finally restarts itself to acquire the next acquisition cycle at fixed
intervals. Hence the datasets arriving at the client must have a fixed timestamp difference between
two consecutive datasets. If there is an irregularity in the difference between two consecutive time
stamps even though the target shots, trace length parameters and the laser trigger frequency is kept
constant , there could be a possible loss of shots.

The detector has an internal buffering mechanism which stores the data acquired in temporary buffers
if the detector is not able to transmit the data fast enough and restart itself before the arrival of
the next laser trigger. However if there is heavy load on the ethernet, the untransmitted data gets
continuously buffered and can cause the temporary buffers to reach its limit very quickly. In such
situations the subsequent datasets cannot be buffered and will over write the previous datasets in
the internal memory of the detector. When this data is finally transmitted the timestamp difference
between two consecutive datasets will be twice the expected value because of the missing dataset
that was overwritten.

For applications where the emphasis is on least possible shot loss, it is strongly recommended to
make full use of the internal shot averaging capability. Internal data averaging ensures loss less
acquisition of the required number of shots. In applications where internal averaging capability of
the detector is not sufficient and external averaging is necessary, it is recommended to maximize
the internal averaging and minimize the external averaging. For more information on efficient use
of the detector for acquisition please refer to the sectionon Efficient use of SP32 for Data
Acquisition in this chapter. For more information on internal and external averaging please refer
to the section on Internal and External Data Averaging in this chapter.

6.5 PUSH Mode Internal Shot Acquisition Status

When the detector is operated in the PUSH mode the client effectively hands over the control to the
detector. The detector sends the data sets to the client on the PUSH socket once the acquisition
is completed. If the acquisition time is small (low number of shots to acquire and/or a high laser
repetition rate) then the rate at which the detector sends data to the client is relatively much faster
when compared to the case where the acquisition time is large (large number of shots to acquire
and/or a low laser repetition rate). Hence in cases where the acquisition time is large, it is important
to know the internal shot acquisition status. The detector sends the current shot acquisition status
using a full sized PusH mode Data Preamble/Header. When the PusH mode Data Preamble/Header
is used to send the internal shot acquisition status, all its fields are set to 0 except for the Dataset
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Marker, the Acquired Shots and the Time Stamp fields. When such a Data Preamble/Header
is received it should be used only to update the shot number and time stamp information.

6.6 Standard Resolution and High Resolution Mode

If the HW? command of the controller returns the HIGHRES parameter, then the sSpP32 detectors
supports two modes of operation - High Resolution Mode and Standard Resolution Mode.

In the Standard Resolution Mode the detector supports a binlength varying from the lowest value of
10 ns to a maximum value in steps of 10. The maximum supported binlength is determined by the
MAXBINLEN parameter of the Hw? command. In the Standard Resolution Mode, the data is acquired
by the controller according to the resolution and rangebin settings. Hence even if the detector is
configured to acquire the maximum rangebins, the maximum trace length acquirable can be varied
based on the resolution setting alone.

If a resolution less than 10 ns is required, the detector automatically switches to the High Resolution
Mode. In the High Resolution Mode, the data is always acquired in the lowest binlength (highest
resolution) setting which can be determined by the MINBINLEN parameter of the HW? command.
Thus the maximum trace length that can be acquired in the High Resolution Mode is fixed. However,
it is possible for the controller to output data with higher binlengths by combining adjacent rangebins.
Hence in the High Resolution Mode the controller can output data with binlengths (MINBINLEN x 2),
(MINBINLEN x 4)and (MINBINLEN x 8) by combining adjacent 2,4 and 8 bins respectively. Since
the data with higher binlengths are produced by combining adjacent bins, the maximum number of
rangebins acquirable decreases proportionately based on the scaling of the binlengths.

6.7 Internal and External Data Averaging

The sp32 detector is capable of averaging up to a certain number of shots in its internal memory.
This is known as Internal Averaging. The maximum number of shots it can average internally
is made known to the client in its reply to the Hw? command. Please refer to the Hw? command
in the appendices for more information. If the desired number of shots to acquire is larger than the
maximum number of shots the detector is capable of averaging internally, the client has to additionally
average the data externally in order to reach the desired shot number. This is known as External
Averaging. This is performed by operating the detector in the PUSH mode.

The PUSH mode operation makes use of data compression mechanisms to optimize transmission.
Hence when performing External Averaging using the PUSH mode, care must be taken to cor-
rectly decompress the incoming data before averaging them. A clear understanding of the data com-
pression techniques used by the Detector to transmit data on the PUSH Socket is hecessary before
performing the decompression at the client side. Please refer to the PUSH Mode Transmission
Data Compression for more information on these techniques.

Consider the following example: Suppose we have to acquire 4000 shots of data from the sp32
detector. The following steps lists the brief procedure to go about it:

» Step 1 : Determine the hardware information of the detector using the Hw? command. Let the
reply from the detector be :

Hw: 2 500.0 8000 2 100 LE PUSH: 100 2 VARCOMP VARTRACE 2000 1000.0

From the reply it can be concluded that the detector is a 1ittle—-endian system, supports
PUSH mode, supports variable compression data transmission, can average a maximum of 100
shots internally and transmits the data with a compression factor of 2. Hence in order
to acquire 4000 shots a mechanism of 100 shots internal averaging and 40 datasets external
averaging is required.
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» Step 2 : Start the Detector to acquire 100 shots data in the push mode. The corresponding
command will be :

START 100 PUSH.

» Step 3: Read the first incoming dataset on the push socket, decompress the data section of
the incoming dataset and store it in the summation array. The summation array now has just 1
dataset of 100 internally averaged shots.

» Step 4 : Read the second incoming dataset on the push socket, decompress the data section
of the incoming dataset and add it to the summation array. The summation array now has
2 datasets of 100 internally averaged shots. Hence the summation array has 200 shots of
averaged data.

» Step 5 : Continue the above process for 38 more incoming datasets. Once this is finished the
summation array will have 40 datasets of 100 internally averaged shots. Hence the summation
array has 4000 shots of averaged data.

It is recommended to internally average with the the maximum possible shots as this is the fastest
and in some cases most accurate way to acquire a given number of shots. Using a mechanism with
internal averaging of shots far below its maximum possible capability and consequently increasing
the number of external averaged datasets, puts heavy load on the Ethernet transmission. This could
lead to possible loss of shots as the detector is not able to transfer the data fast enough to the client
before restarting itself for the next acquisition cycle. This possible loss of shots can be detected by
observing irregularities in the time stamps of the transmitted data sets. Please refer to the pusH
Data Time Stamps section of this chapter for more information.

6.8 Client Side External Averaging of PUSH Data

The following flowchart outlines the procedure for performing External Averaging by the client
application.

92



Client Side External Averaging of PUSH Data

Incomming

Dataset

(Q)ih dataset

Read ]
PREAMBLE |

Process
PREAMBLE
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{ Read Data ]|

/ DATA[Compressed Traces][Trace Length] /

Decompress ]
Data ]

Summation
Process

/ DATA[32][Trace Length] /

(Q)!" dataset

_{\th
no (Q-1)" val

(Q)i" dataset

Flowchart : External Averaging of PUSH Mode Data at the Client Application

Incomming Dataset : The continuous incoming data on the Push Socket.

Read PREAMBLE: The size of the PUSH Data Preamble is 32 bytes. The PREAMBLE must be read
first and processed in order to determine the parameters needed to read the rest of the Channel
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Trace Data. If the received PREAMBLE has all its fields set to 0 except the Dataset Marker
and the Acquired Shots, then the received PREAMBLE is just shot status indicator and not the
PREAMBLE for the Channel Trace Data. This much be used only to update the shots acquired
parameter at the client software. Care must be taken to determine if a byteswap is necessary based
on the Endianess.

Read Data: The BINSIZE parameter from the HW? command reply along with the Compressed
Traces and Trace Length parameters extracted from the PREAMBLE provides for all the param-
eters necessary to determine the size of the Channel Trace Data to be read.

Decompress Data: A decompression routine is needed to extract the compressed traces back into
its original format where each channel corresponded to a separate trace.

Summation Process: The decompressed data is accumulated in the summation process. The (Q)™"
dataset is summed with the averaged data upto the (Q-1)" dataset and stored in the averaged data
memory.

Averaging Done?: After the summation process , check if the required external averaging datasets
are completed. If yes , stop the process by issuing a sTop command. If not read the PREAMBLE and
repeat the above steps again.

6.9 Wide Memory Mode for Extended Internal Averaging

If the HW? command of the controller returns the WIDEMEM parameter, then the sSpP32 detectors
supports the Wide Memory Mode. The sp32 detectors that support Wide Memory Mode can
acquire large number of shots in its internal memory thereby removing the need for client side external
averaging of data. In the Wide Memory Mode, the controller acquires the maximum possible shots
in its internal fast SRaM and quickly transfers the data to its DDR3 memory before re-enabling itself
to acquire the next cycle of shots.The trigger is blocked only during the data transfer between the
SRAM and DDR3 memory. Thus this mode offers a better performance when compared to External
Averaging where the trigger is blocked during the data transfer and ethernet transmission phase.
Thus the wide Memory Mode can be used to completely replace External Averaging. This
also greatly reduces the complexity in data acquisition of large shots for the end user.

The wide memory mode should be activated if the target shots to acquire is larger than the maximum
possible shots that can be acquired internally in the fast SrRaM memory of the controller. The maxi-
mum possible shots that can be acquired in the fast SRAM memory is equal to the MAXPUSHSHOTS
parameter of the Hw?> command. When the Wide Memory Mode is not activated and the user issues
a START command with target shots greater than the MAXPUSHSHOTS, the controller responds with
a failed message. When the Wide Memory Mode is activated, it changes the width of the internal
controller memory from 2 bytes to 4 bytes to accommodate the accumulation of large shot numbers.
Please refer to the wIDEMEM command for more information on how to activate and deactivate the
Wide Memory Mode.

When the Wide Memory Mode is active, the data should be acquired in the SLAVE Mode as the
PUSH Mode is disabled by the controller. The controller responds with a failed message if the START
command is sent with the pusH flag as long as the Wide Memory Mode is active.
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6.10 Efficient use of sp32 Detector for Data Acquisition

This section explains the recommended methods for the efficient acquisition of data using the Licel
sp32 Detector.

The data acquisition process of the sp32 detector can be divided into two steps - the internal
acquisition and the data readout. During the internal acquisition the detector accepts a trigger and
acquires the full trace length of the data and stores it in its internal fast SRAM. After receiving a trigger
the detector blocks all other triggers until the full trace length of the data is acquired. Once the full
trace length is acquired there is a dead time of 6 rangebins after which the detector will be ready to
accept the next trigger. The internal acquisition process continues until the desired number of shots
has been acquired.

For example if the number of rangebins is 8000 bins and the resolution is 10 ns (trace length = 12
km), the acquisition time for a single shot would be (8000 x 10 ns = 80000 ns). Factoring in the dead
time of 6 rangebins between two triggers, the system will be ready to accept the next trigger after
80060 ns. This corresponds to an approximate trigger rate of 12.49 KHz.

After the internal acquisition process is finished, the data has to be readout to the slower DDR3
DRAM so that it can be prepared for ethernet transmission. The data readout is a slow process and
will block the trigger for a time period that depends on the trace length and the number of shots being
acquired. The internal acquisition process ensures data acquisition without loss of shots provided
the acquisition time for a single shot is less than the time between two trigger pulses

The mode in which the sp32 detector should be operated is entirely dependent on the application
requirements. If the application needs a single data set of a fixed number of shots then the SspP32
should be used in the sL.AVE mode. If the application needs a continuous stream of data sets at
regular intervals, each containing a fixed number of shots, then the PUSH mode must be used. For
example if laser repetition rate is 100 Hz (10 ms) and the user needs to acquire a continuous stream
of 100 shots of data where each data set arrives at fixed intervals corresponding to the laser rep-
etition rate (10 ms x 100 shots = 1000 ms), then it is recommended to operate the sp32 in the
PUSH mode. It is also recommended to use the PUSH mode in single shot applications or for ap-
plications that make use of the External Averaging mechanism. The PUSH mode implements
an optimized data transmission mechanism which works for both the single shot acquisition and for
large shot numbers, making the sp32 detector very flexible. However due to these optimizations,
the processing of the data at the client application becomes much more complicated when compared
to the SLAVE mode.

For controllers that support the Wide Memory Mode, External Averaging should be avoided.
Care must be taken to use the Wide Memory Mode only in applications which require the acquisition
of large shot numbers. If it is used to acquire a small number of shots, the controller would transmit
a lot of redundant zeroes which would be very inefficient.

The number of range bins to acquire has to be tuned for applications where a continuous stream
of data sets at regular intervals, containing a fixed number of shots, is expected. If the number of
range bins to acquire is very high then the data readout and transmission times are proportionally
long. Since the trigger is blocked during the data readout phase the detector will miss the next trigger
if the readout time is too long. In single shot applications where a continuous stream of single shot
data sets are expected, the trigger is blocked during both the read out and transmission phase. The
missing of triggers is more prominent in such applications as both the readout and transmission time
contribute to blocking the trigger. The number of rangebins to acquire has to be tuned until the time
stamp difference between two incoming data sets reach a stable expected value. Please refer to the
section on PUSH Data Time Stamps for more information on using the data time stamps to detect
missed triggers (loss of shots).

The ethernet controller inside the spP32 detector supports ethernet transfer speeds of 10Mbps,
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100Mbps and 1000Mbps [1Gbps]. The link speed is auto-negotiated with the client hardware upon
powering on the sp32 during the boot process. It is highly recommended to make use of the
1Gbps transfer speed capability of the controller by using a client PC that supports 1Gbps ethernet
speed. If the sP32 detector is connected to the client PC via a switch box/hub, make sure the
switch box/hub supports 1Gbps speed. This ensures the best performance and response time of the
system, especially in applications where data transfer rates are crucial.
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Chapter 7

Simulation of a Multichannel or Single
LIDAR Detector

The simulation program Virtual Controller is — as for other Licel Ethernet Controllers — available as
part of the Windows Applications. Start the Virtual Controller using the corresponding entry in the
Windows start menu. The Virtual Controller is not included in the LabVIEW sources.

The Virtual Controller is capable to simulate most of the functions of the Licel Multispectral Lidar
Detector and of the Licel Single Channel Lidar Detector [Lidarino]. This will help a user to develop
and test his own software as debugging is possible without having the hardware installed.

The Virtual Controller is accessed via the IP address of the PC where the program is running and
the port specified in the initialiazation file. If your client software is running on the same PC as the
Virtual Controller you may use 127.0.0.1 (localhost) as IP address.

7.1 Virtual Controller — General

After starting the Virtual Controller the main page General is shown.
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. Virtual Controller (version 1.51.07) [Port: 2055] - O *

Here you may

+ Switch between the Licel Multispectral Lidar Detector and the Licel Single Channel Lidar Detec-
tor. If none of these switches are active you will receive error messages when communicating
with the Virtual Controller.

* Inspect the TCPIP connection(s). The second connection should be active if the Virtual Con-
troller simulates a push mode controller and a client is connected.

)
)

» Switch off the Virtual Controller.

You may restart it using LabVIEW’s run button

« Close the Virtual Controller’s window as usual with the Windows close button * at the top right
of the window.

7.2 Virtual Controller — Transient Recorder

Internally, the Virtual Controller uses the same mechanism to simulate Lidar signal as it does for
transient recorders. Because of this the Transient Recorder page is accessable.
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. Virtual Controller (version 1.51.07) [Port: 2055] - O *

- i85 00000000 | § 500 mV

:
Jorr
00000000

£

Please do not modify anything on this page except for the change of the Repetition Rate of Trigger
A:

20

Note the current shot number during an acqusiition is displayed on the page 32 Channel.

7.3 Virtual Controller - PMT

On the PMT page you may control that the high voltage setting is working. Please not that only one
PMT indicator should be active.
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. Virtual Controller (version 1.51.07) [Port: 2055] - O *

L
oo
£ Jo.oo 000 oo oo [Ho00  Ho00 o0 |

7.4 Virtual Controller — 32 Channel

The page 32 Channel is the most important page for the simulation of the Multichannel or Single
LIDAR Detector.
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. Virtual Controller (version 1.51.07) [Port: 2055] : - O *

Shots & Trigger

In the Shots & Trigger section

you will
+ see the Target Shot Number received with the last START command.

+ see the current shot number PM32 Shots. It updates whenever the client software requests the
status (STAT?) or when data is send via the push socket.

* inspect wether or not the client software has set the trigger mode to Internal (green LED) or
External (dark LED)using the sTM command.

« manually set the external trigger using the Trigger (ext) checkbox. Checking or unchecking the
bos is a simulation for plugging and unplugging a trigger cable to the controller.

The current shot number will change only if the Trigger (ext) is checked or the PM32 Trigger is set to
Internal.
Shutter & Spectrum

Here, the simulation of the mechanical shutter and the spectrum orientation are set.
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Shutter & Spectrum
FlipSpectrum

Shutter Support QCIOSed \'
Shutter? Support

» Shutter Support determines whether or not the control of a mechanical shutter is supported
i.e. the switching using the SHUTTER command. The switch Closed|Open will show the shutter
position according to a received SHUTTER command.

» Shutter? Support determines whether or not the current shutter position can be requsted using
the SHUTTER? command.

* Flip Spectrum determines whether or not the simulated spectrum is flipped i.e. the assignment
to the 32 channels is reverted. This option can be used to match the simulated output to the
exit of your spectrometer. The option has no effect on the simulation of a LIDARINO.

Basic HW? Parameters

In the Basic HW? Parameters section

Basic HW? Parameters

Binwidth (ns)  #Bins Endian Spectro
1)| 50 ‘:J| 1024 \‘._—)lBig Endian J
DataWidth MaxShots Version # Channels
\‘_r)|4 EJ|4094 2 32

you will see basic parameters most of them included in responses to the HW? command:

» The LED Spectro should be light green when either the 32CHANNEL or the LIDARINO on the
first page are active. If not many commnds will return unkown command.

* Binwidth (ns) is the current binwith in nanoseconds. Please note that this value can be changed
when a High Resolution conroller is simulated and the RANGEBINS command is used.

» # Bins is the maximum number of bins the controller is able to return.

» The Endian defines the byte order (endianness) of the data bytes when sending data (Big
Endian or Little Endian).

» The Data Width defines the width in bytes of the data. Note that the Data Width can be changed
using the WIDEMEM command.

» MaxShots contains the maximum number of shots.

» Version contains the HW? version and depends on the High Resolution setting: unchecked:
version = 1, checked: version = 2.

 the number of channels # Channels depends on whether 32CHANNEL (=32) or LIDARINO (=1)
are active.

Push Mode

In this section some settings related to a push mode simulation may be set.

Push Mode
Push Support {no variable compression)

PushMaxShots ~ CompressionLevel @ FushPM3Data

.‘—) 16 .‘—) 2 ) WideMemory
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» The checkbox Push Support enables the simulation of the push mode. Please note that variable
compression is not supported.

* The PushMaxShots describe the maximum number of shots for using the push mode. Once
the (global) maximum allowed shot number MaxShots is larger than the PushMaxShots the
DataWidth can be modified using the WIDEMEM command.

» The CompressionLevel can be set for the simulation in this section, as well.

Bins & Resolution

To simulate more options especially for HR spectrometer controllers the following control fields are
available in the Bins & Resolution section.

Bins & Resolution

Variable Trace p—
High Resolution Q

.
‘Current # Bins ‘ MaxBinwidth {ns) ‘# MinBins F
f| 1000 200 o0 |10 v

Ignore Command MinBinwidth {ns)

Here you are able to

 enable the Variable Trace option. If enabled, the current number of bins Current # Bins and the
maximum binwidth MaxBinwidth (ns) can be changed using the RANGEBRINS and RESOLUTION
commands, respectively. With the Ignore Command switch in up position you may simulate a
situation where the controller ignores a command.

* enable the High resolution option for the activation of the minimum bin number # MinBins as
the lower limit in the RANGEBINS command and the values in the list of MinBinwidth (ns) as the
lowest allowed values in the RESOLUTION command.

Pretrigger

Here, the simulation of setting the pretrigger is available.

Pretrigger

Pretrigger @ Pm3zPretigger

» The activation of the PRETRIG command simulation is driven by the checkbox Pretrigger.
« The LED PM32Pretrigger reflects the received pretrigger setting. Please note that the pretrig-
ger setting has no influence on the simulated data.
Current & Temperature

In the section Current & Temperature

Current & Temperature
Current (ADC)  Board Temperature Die Temperature
ol 42 ofl51 ofl60

the following input fields are available:

» the Current (ADC) is the simulated ADC value of the on board high voltage supply current
sensor which is returned with the CURRENT? command as well as part of the sSTATUS? and of
the push data header described in the context of the START PUSH command.
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* the Board Temperature is the simulated board temprature returned with the TEMP? command.

* the Die Temperature is the simulated die temprature returned with the DIETEMP 2 command.

ADC Trace

This is an internal section for later use.

7.5 Virtual Controller — System

On the System tab page system and debugging options are available.

. Virtual Controller (version 1.51.07) [Port: 2055] - O *

E

TCP/IP Settings

Client

Timing

In this section the Port and the Password for the Virtual Controller may be
changed. Note that Port is used directly for the command socket (TCPIP
Connection 1), and Port+1 is the port for the push socket (TCPIP Connec-
tion 2). The Password is the administrator password of the Virtual Con-
troller which is needed to be sent with certain commands like the command
to change the IP address. Note that a change of the IP address of the Vir-
tual Controller is not possible, as the IP address is set in the computer’s
system setup. The Hostname is used to simulate Ethernet Controllers with
the corresponding capability.

When a client is connected to the Virtual Controller it's Remote Port and
Remote Address are displayed here.

Here, the millisecond timer support (MILLISEC? command) of the Virtual
Controller can be switched off to simulate very old Ethernet controllers.
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TCP/IP Secure Mode

Command Debugging

Error Debugging

This section is not used by the Virtual Controller in the simulation of 32Chan-
nel or LIDARINO controllers.

This part of the front panel contains information about the TCP/IP com-
munication flow (Last Command Received, the corresponding Receive
Time and Last String Sent), and about the loop activities of the Virtual
Controller (Last non-idle State and Lower Loop Active). Last non-idle
State describes the internal state of the command socket loop of the pro-
gram while Lower Loop Active indicates that the push socket loop to han-
dle requests on Port+1 is alive. This indicator should always light in a
green color. Switching the Log switch to the up position will make the Vir-
tual Controller write all received commands to a log file named virtual
Controller.exe.log.

This section contains the standard LabVIEW error clusters. If Debug Mode
is set errors in the Virtual Controller are shown. Timeout errors (code=56)
are normal during operation. The buttons Interrupt TCPIP (TCPIP 1 and
TCPIP 2) may be used to interrupt the TCP/IP connections to inspect the
behavior of an application to such an event. This is especially useful if a
mechanism to reconnect has been implemented to the application when
TCP/IP relevant errors occur. The LED indicator Initialized shows whether
or not the program has been initialized.

105



Chapter 8

SP32 Controller TCPIP Command List
and Syntax

8.1 TCP/IP Command List and Syntax

This section lists and describes the TCPIP command syntax for the Licel TCPIP Ethernet Controller
present inside the Licel sp32 Detector. Most commands can be sent either in its short or long
format. All commands sent to the controller should end with <CRLF>(carriage return line feed), and
all replies from the controller will end with <CRLF>. This will not be shown explicitly in this document.

If an unknown command is sent to the controller, then the controller sends
<COMMAND>unknown command
back to the client where <coMMAND> is the command sent by the client to the controller.

Please Note: Through out this document HOST refers to the the Ethernet Controller of the Licel sp32
Detector and CLIENT refers to the PC Acquisition System

Short Long

HW? HARDWARE?
CAP? CAPABILITY?
CURRENT? CURRENT?
DATA? DATA?
DIETEMP?  DIETEMP?
DISC DISCRIMINATOR
IDN? IDENTIFICATION?
MSEC? MILLISEC?
PASS PASSWORD
PMT? PMTSTATUS?
PMTG PMTGAIN
PRETRIG PRETRIG
RES RESOLUTION
RANGE RANGEBINS
SHUTTER  SHUTTER
SHUTTER? SHUTTER?
SIM SIM

START START

STOP STOP

STAT? STATUS?
TEMP? TEMP?
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WIDEMEM WIDEMEMORY

TCPIP TCPIP
HARDWARE?
HW?

Requests the hardware capabilities of the sp32 detector. The format of the reply from the controller
is as follows :

HwWw: HWREV BINLEN MAXRANGEBINS BINSIZE MAXSHOTS ENDIANNESS
PUSH: MAXPUSHSHOTS CMPFACTOR VARCOMP VARTRACE CURRENTRANGEBINS
MAXBINLEN HIGHRES: MINBINLEN MINRANGEBINS WIDEMEM

HWREV is the hardware revision number of the detector.

BINLEN is the current resolution/binlength (in nano seconds) setting of the detector.
MAXRANGEBINS is the maximum acquisition range bins.

BINSIZE is the size (in bytes) of each range bin.

MAXSHOTS is the maximum number of shots the detector is capable of internally averaging.
ENDIANNESS is the endianness of the system (big-endian/little-endian)(BE/LE).

PUSH indicates that the detector supports MASTER/PUSH mode.

MAXPUSHSHOTS is the maximum number of shots the detector is capable of averaging internally in
the PUSH mode. This is also equal to the maximum number of shots the detector can acquire in its
fast SRAM.

CMPFACTOR is the compression factor of the PUSH mode data.

VARCOMP indicates that the detector supports variable compression.

VARTRACE indicates that the detector supports variable trace length.

CURRENTRANGEBINS is the current rangebins setting of the detector.

MAXBINLEN is the maximum binlength (minimum resolution) of the detector.

HIGHRES indicates that the detector supports HIGH RESOLUTION mode.

MINBINLEN is the minimum binlength (highest resolution) of the detector.

MINRANGEBINS is the minimum number of rangebins of the detector.

WIDEMEM indicates that the detector supports wide memory summation (extended internal averag-

ing).
An example would be :

Hw: 2 50.0 8000 2 10000 LE PUSH: 100 2 VARCOMP VARTRACE 2000 1000.0
HIGHRES: 0.625 100 WIDEMEM

Please Note:

« The HW? command is appended with new features as they are added to the sSP32 detector.
Hence older detectors may not support all of the above mentioned features.

» Data compression techniques are applied only when the detector is operated in the PUSH
mode. For more information about data compression please read the section on PUSH Mode
Transmission Data Compression.

CAPABILITY?
CAP?

Requests the capabilities of the ethernet controller.
The controller’s response is:

CAP: Capability
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Where Capability is the fixed expression 32CHANNEL in the case of the Licel sp32 Detector.
The response is :

CAP: 32CHANNEL

CURRENT?
Explicitely return the ADC value of the on board high voltage supply current sensor (no decimal
places).
The controller’s response is for example:
Current: 42.
DATA?

Requests data from the controller.
Sending a DATA? command will instruct the controller to transmit the acquired data in the following
binary format

Data Preamble/Header :

Fixed Marker = OxFFFFFFFF 4 byte unsigned int
Number of Shots 4 byte unsigned int
Number of Traces 4 byte unsigned int
Number of Bins 4 byte unsigned int

Acquired Data :
DATA [number of traces] X [number of bins]

Different to the response of the other commands, no <CRLF> is added here. The acquired data
transmitted by the controller in response to the DATA? command is always in the uncompressed
format. This is different from the transmitted data in the PUSH mode which makes use of data com-
pression techniques to optimize data transfer.

DIETEMP?

Explicitely return the die temperature in °C.
An example reply would be:
DIETEMP: 55.000000.

DISCRIMINATOR <Integer>
DISC <Integer>

Sets the discriminator level of the detector. Valid values for the discriminator are 0—63.
An Example : To set the discriminator level to 16, send the command :
DISCRIMINATOR 16
The corresponding reply from the controller is:
DISCRIMINATOR set to 16
If the Integer value is out of range the reply is
DISCRIMINATOR Failed. Value out of range
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IDENTIFICATION?
IDN?

Requests the controller to send its identity and firmware revision. An example reply is as follows :
Licel Zyng MercuryZXl SP32-HR Rev 2 Ethernet Controller Rev-03.08.2017-Release

MILLISEC?
MSEC?

Requests the millisecond timer value of the ethernet controller. The corresponding reply is :
MILLISEC: time

Where time is a number (in milliseconds) since the powering on of the ethernet controller expressed
in a double precision format.

PASSWORD <”’0Old Password”> <”New Password”> <”’New Password”>
PASS <”’0ld Password”> <”New Password”> <”New Password” >

Changes the password of the ethernet controller. The actual password is required to change the IP
configuration of the ethernet controller. The user needs to enter the old password and then the new
password twice. The default password is ™Administrator”. The password will be reset to this if a
hardware reset is executed on the controller.

An example would be :

PASS "Administrator" "MyPassword" "MyPassword"
This will change the password to MyPassword. The corresponding reply from the controller is :
PASSWORD set to "MyPassword"

If an error occurs (wrong 01d Password, non-matching New Password entries, or empty New
Passwords) the reply is :

PASSWORD not set

PMT? <Device Number>
PMTSTATUS? <Device Number>

Returns the status of the PMT with the specified device number. The reply parameters are <HV
value in Volts> <HV on/off> <local/remote>. The PMT device number for the sp32 detector is
fixed to 0 and does not support any other device number.

An example to request the status of the PMT would be :

PMT? O
An example corresponding reply from the controller could be :
PMT 970 on remote

Which indicates that the PMT is in remote mode, the HV power supply is on and is set to 970 Volts.
Another example reply could be:

PMT O off remote

Here, the HV power supply is off and set to 0 , which is the default return value when the PMT is off.
If a request for the status of the PMT with a non-zero device number is made, the reply is :
PMT 5 is not available

Where the number 5 is the device number of the non-existent PMT.
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PMTG <Device Number> <Voltage>
PMTGAIN <Device Number> <Voltage>

This command sets the gain voltage applied to the dynodes of the PMT with the specified device
number. The PMT device number for the sp32 detector is fixed to 0 and does not support any
other device number.

An example would be :

PMTG 0 980

This will set the gain voltage of the PMT with device number 0 to 980 volts. The corresponding reply
from the controller is :

PMTG executed
If a non-zero device number is specified, the reply is :
PMT 3 is not available
Where the number 3 is the device number of the non-existent PMT.

PRETRIG <ON|OFF>

Enables (PRTRIG ON) or disables (PRETRIG OFF) the pririgger. The command is available only if
setting the pretrigger is allowed. The reply by the controller is
PRETRIG executed.

RES <value>
RESOLUTION <value>

This command sets the resolution at which the detector must acquire the data. Please refer to the
section on Standard Resolution and High Resolution Mode for more information about
the resolution settings supported by the controller.

An example would be :
RESOLUTION 50

This instructs the controller to change the resolution of the detector to 50 ns. If the controller changes
the detector resolution successfully, then the reply from the controller is :
RESOLUTION executed

If an invalid resolution setting is received by the controller, it ignores the command and outputs the
corresponding error message :

RESOLUTION ignored.<Error Message>

Please Note: Only controllers that display the VARTRACE parameter in the HWw? command reply sup-
port variable resolution settings. Older controllers without this feature have a predetermined fixed
resolution setting.

RANGE <value>
RANGEBINS <value>

This command sets the number of rangebins the detector must acquire. The highest and the lowest
number of rangebins acquirable is determined by the MAXRANGEBINS and MINRANGEBINS parame-
ters of the HW? command reply respectively.

An example would be :
RANGEBINS 4000
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This instructs the controller to change the total rangebins to acquire to 4000. If the controller changes
the rangebins successfully, then the reply from the controller is :
RANGEBINS executed

If an invalid rangebin setting is received by the controller, it ignores the command and outputs the
corresponding error message :

RANGEBINS ignored.<Error Message>

Please Note: Only controllers that display the VARTRACE parameter in the HWw? command reply sup-
port variable rangebin settings. Older controllers without this feature have a predetermined fixed
rangebin setting.

SHUTTER <OPEN|CLOSED>

Opens or closes the mechanical shutter of the spectrometer. This command is available as an option.
The reply by the controller is
SHUTTER executed.

SHUTTER?

Requst the current position of the mechanical shutter. This command is available as an option. The
reply by the controller is
SHUTTER 1 if the shutter is OPEN or SHUTTER 0 if the shutter is CLOSED.

SIM <ON|OFF>

Sets the trigger mode to internal (simulate a trigger, SIM ON) or external (SIM OFF). The reply by
the controller is
SIM executed.

START <target shot number> [PUSH] / [TRANSMIT]

Starts an acquisition of the detector with target shot number shots to acquire. The START com-
mand can be used in 3 different ways. It can be sent without any optional PUSH / TRANSMIT flags in
which case the command just starts the acquisition of the detector for the target shot number.
An example of this command would be :

START 16
This will instruct the controller to start the acquisition of 16 shots.

The START command can be sent with either of the optional flags in which case the controller will
show modified behavior.

When the sSTART command is sent with the pUsH flag, it activates the PusH mode mechanism of the
controller. In this mode the data is sent automatically on the PUSH Socket once the target shot
number has been acquired and restart itself to acquire the next set of target shot number.

Different to the data response sent for the DATA? command, the data preamble/header sent on the
PUSH Socket has:

+ An additional time stamp information in milliseconds (accurate to micro seconds) for each of its
data sets.

» ADC value of the on board high voltage supply current sensor.
« Compression factor of the data.
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The acquired data format is transmitted using compression techniques to optimize data transmission.
The data sent on the PUSH Socket is in the following binary format :

Data Preamble/Header :

Fixed Marker = OxFFFFFFFF 4 byte unsigned int
Number of Shots 4 byte unsigned int
Number of Traces 4 byte unsigned int
Number of Bins 4 byte unsigned int
Data Time Stamp 8 byte double
Current Sensor Value 4 byte integer
Data Compression Factor 4 byte integer

Acquired Data :
DATA [no of compressed traces] X [no of bins]
An example of this command would be :
START 16 PUSH
This will instruct the controller to start acquisition of 16 shots with the PUSH mode enabled.

When the START command is sent with the TRANSMIT flag, the data is sent automatically on the
COMMAND Socket oncethe target shot number has been acquired. Different to the Push mode
(that is activated by the pUsH flag) the TRANSMIT flag does not restart the detector automatically to
acquire the next set of target shot number. The data response for this command is exactly the
same as the response for the DATA? command.

An example of this command would be :

START 1 TRANSMIT

This will instruct the controller to start acquisition of 1 shot and transmit the data automatically on the
COMMAND Socket.
The reply from the controller is the same for all the variants of the START command and is :

START executed

Please Note: Once the controller is started in the PUSH Mode, only the STOP command can bring
the controller back into the SLAVE Mode.

STOP

Stops the data acquisition of the detector. The corresponding reply from the controller is :
STOP executed
Please Note: The sTop command puts the controller back into the SLAVE Mode.

STAT?
STATUS?

Returns the current status of the controller. The format of the reply is :
RUN: AcgStatus, ShotNum Shots of TargetShotNum Current Timestamp

AcgStatus is the acquisition status of the detector, which can be either 0 (ldle),

1 (Armed), or 2 (Acquiring).

ShotNum is the current shots acquired.

TargetShotNum is the target shots to acquire set by the START command.

Current is the ADC value of the on board high voltage supply current sensor.
Timestamp in milliseconds (accurate to micro seconds) since powering on the controller.
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An example reply would be:
Run: 2, 10 Shots of 100 65535 9070.000000

TEMP?

Explicitely return the board temperature in °C.
An example reply would be:
Temperature: 51.000000.

WIDEMEMORY <0 | 1>
WIDEMEM <0 | 1>

Sending the command wIDEMEM along with the parameter 1 enables the Wide Memory Summation
Mode of the controller (if it is supported). The parameter 0 disables it.
The format of the reply is :
WIDEMEM DataWidth
Where DataWidth is the size in bytes of the incoming data.
An example command would be
WIDEMEM 1
The corresponding reply from the controller would be :
WIDEMEM 4
This indicates that the WIDEMEM command was accepted and the data size is changed to 4 bytes.

TCPIP <”ip#”> <”subnet mask”> <”Gateway”> <”Port”> <”Password”>
TCP <”ip#”> <”subnet mask”> <”Gateway”> <”Port”> <”Password”>

Sets the IP address, subnet mask, gateway and ports that are used for TCP connections. Please note
that the port number, port number+1 and port number+2 are used by the controller. This command
will only be executed if the password corresponds with the controller’s internally stored password.
The defaults settings are :

IP Address : 10.49.234.234

Subnet Mask : 255.255.255.0
Gateway : empty
Port: 2055.

In this case the ports 2055, 2056 and 2057 are used by default. The Port 2055 is used for the bidirec-
tional communication with the controller and is called the COMMAND Socket. The port 2056 is used
for the unidirectional PUSH mode data transfer from the controller and is called the PUSH Socket.
In order to restore the default values, the reset button needs to be pressed when powering up the
controller (hardware reset). The default password is "Administrator.” To change the password,
see the PASS command.

An example would be :

TCPIP "197.13.17.23"™ "250.250.250.29" "™ "™ "2013" "Administrator"
This will change the IP Address to 197.13.17.23, the subnet mask to 250.250.250.39, the gateway

would be empty and the ports 2013, 2014 and 2015 would be used.
The corresponding reply from the controller is :

IP "197.13.17.23" Subnet "250.250.250.39" Gateway " " Port "2013"
executed
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If the password is incorrect, the reply is :
TCPIP failed due to invalid password

TCPIP "DHCP” <”Port”> <”Password”>
TCP "DHCP” <”Port”> <”Password”>

Enable DHCP mode on the network controller. The controller will listen at the specified Port, Port+1
and Port+2. This command will only be executed if the password corresponds with the controller's
internal password. If not the controller replies with the following response :

TCPIP failed due to invalid password
If the command is successfully executed the controller replies as follows :
DHCP activated
The controller comes up with the defaults described in the TcPTP TP command.

Please Note: A hardware reset will disable the DHCP mode.

8.2 TCP/IP Command Logging

In Licel's Windows Applications and by default in Licel's LabVIEW sources the logging of the TCP/IP
comands and replies is enabled. To achieve that in the LabVIEW sources the Conditional Disable
Symbol cMDLOG is set TRUE in the LabVIEW project.

There are two ways to activate TCP/IP command logging:

1. Activate the command logging by entering or changing the following lines in the initialization file
LicelTCPIP.ini:
[LogCmd]
LogCmd = TRUE
The command logging will then be active from the start of a program.

2. Activate or deactivate the command logging by using the TCP/IP APl command CMDLOG.
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SP32 C Sources/Drivers

9.1 sP32 Detector C Drivers

This section describes the C Drivers/Sources that are provided forthe sp32 detector. Shown below
is the directory structure of the sp32 C Drivers.

SP32-C-Drivers
| licel_sp - Core Algorithm routines
| Common Routines
Licel SP_Startup_Seq
Licel_ SP_Shutdown_Seq
Licel SP_Read Preamble
Licel SP Write_DatalFile_Seq
| SLAVE Mode Routines
Licel SP_SlaveMode_Main
Licel SP_SlaveMode_Acquisition_Seqg
Licel_ SP_SlaveMode_DataRead._Seq
Licel SP_SlaveMode_Read Dataset
| PUSH Mode Routines
Licel SP_PushMode_Main
Licel SP_PushMode_Acquisition_Start
Licel SP_PushMode_Read_Dataset
| licel_sp.util - Data processing utility routines
Licel SP.UTIL_Write_AdvancedViewerData
Licel SP UTIL _Reconstruct_SlaveMode 2Byte_TraceData
Licel SP.UTIL_Reconstruct_SlaveMode_4Byte_TraceData
Licel SP_UTIL Decompress_PushData
| licel sp tcpip — TCP/IP command routines
Licel SP_TCPIP Get HWConfig
Licel SP_TCPIP Start_Acqg
Licel SP_TCPIP_SlaveMode_Get_AcgStatus
Licel SP_TCPIP_SlaveMode_Get_Data
Licel SP_.TCPIP_Stop-Acqg
Licel SP_TCPIP_Set_Resolution
Licel SP_TCPIP_Set_Rangebins
Licel SP_TCPIP Enable Wide Accumulation_Memory
Licel SP_TCPIP Dissable Wide Accumulation_Memory

In order for the driver functions to access the numerous parameters, three structures are used to
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store and keep track of the corresponding parameters. These are :

* Spectro_Application - Used to store the application acquisition parameters.
* Spectro_Measurement - Used to store the application measurement parameters.

* Spectro_Hardware - Used to store the controller’s hardware configuration information.

9.1.1 licel_sp

This category contains block level algorithm functions that implement the flow charts illustrated in the
Data Acquisition Overview section. They are categorized into Common Routines, SLAVE
Mode Routines and PUSH Mode Routines. All the functions in this category return 0 if success-
ful or a negative number in case of an error.

Common Routines :

This category contains routines that are common to both the PUSH Mode and the SLAVE Mode of
the controller.

 Licel_SP_Startup_Seq

Syntax :

int Licel_SP _Startup _Seq( SOCKET cmd_soc,

Spectro Application *sp_app, Spectro Hardware *sp hw )
Description :

The startup sequence function performs the following operations :

— Stops the controller using the sTopP command.
— Gets the software id of the controller using the 1DN? command.

— Gets the hardware information of the controller using the HW? command and assigns the
parameters to the Hardware Parameters Structure.

— Assess the validity of the rangebins and resolution settings in the Application Parameters
Structure with that of the Hardware Parameters Structure. If the controller supports vari-
able trace then the required rangebins and resolution are set else the default hardware
parameters are used.

— Sets the discriminator level of the controller using the D1 sCc command.
— Sets the PMT high voltage level of the controller using the PMTG command.

* Licel SP_Shutdown _Seq

Syntax :
int Licel_SP_Shutdown_Seq( SOCKET cmd_soc )

Description :
The shutdown sequence performs the following operations :

— Stops the controller using the sTOP command.
— Turns off the PMT high voltage by setting it to 0.
— Disables the wide accumulation memory.
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* Licel_ SP_Read_Preamble

Syntax :

void Licel SP Read Preamble( SOCKET cmd soc, SOCKET push_soc
Spectro_Hardware *sp hw, Spectro Application *sp_app,int mode )

Description :

This function is used to read the Preamble/Header data of the controller in both the slave
Mode and Push Mode. The parameters extracted from the preamble are used to dynamically
set up the memory traces required to read the rest of the incoming data.

» Licel_SP_Write_Data2File_Seq
Syntax :

int Licel SP Write Data2File_Seq( Spectro Measurement *sp._mes,
Spectro Application *sp_app, unsigned int xadvanced viewer data )

Description :
The write data to file sequence performs the following operations :

— Prepares the name of the data file to write the data.

— Writes the acquired data into the file in the Licel Advanced Viewer Data File format. The
file name and the data format is described in the section Data File format

Slave Mode Routines :

This category contains routines that are specific to the SLAVE Mode operation of the controller.

» Licel_SP_SlaveMode_Main

Syntax :

int Licel_SP_SlaveMode Main( SOCKET cmd_soc,
Spectro_Hardware xsp_hw, Spectro Application *sp_app,
Spectro Measurement *sp mes, unsigned int xadvanced viewer data )

Description :
This is the main function for all the SLAVE Mode routines. The slave mode routines consists of
two main sequences namely Acquisition Sequence and Data Read Sequence.

 Licel_SP_SlaveMode_Acquisition_Seq

Syntax :

int Licel_SP_SlaveMode Acquisition_Seq( SOCKET cmd_soc,
Spectro_Hardware *sp_hw, Spectro Application *sp_app )
Description :

The slave mode acquisition sequence function performs the following operations :

— Checks the number of shots to acquire. If the required shots is greater than the maximum
shots acquirable the application turns on the wide summation memory of the controller. If
wide summation memory is not supported the application adjusts the target shots to the
maximum possible value.

— Startsthe sP32 in SLAVE Mode to acquire the target number of shots.
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— Polls the status of the acquisition using the STAT? command until the acquired shots is
equal to the target shot number.

* Licel_ SP_SlaveMode DataRead Seq

Syntax :

int Licel SP _SlaveMode DataRead Seq( SOCKET cmd soc,
Spectro_Hardware xsp_hw, Spectro Application *sp_app,
unsigned int *advanced viewer data )

Description :
The slave mode data read sequence performs the following operations :

Issues the DATA? command which instructs the controller to transmit the acquired data.

Reads the incoming SLAVE Mode Preamble/Header.

Extracts the parameters from the preamble and uses it to read the Channel Trace
Data.

Reconstructs multiple byte data.

» Licel_SP_SlaveMode_Read_Dataset

Syntax :

int Licel_SP_SlaveMode Read Dataset ( SOCKET cmd_soc,
Spectro Application *sp_app, Spectro_Hardware *sp_hw,
unsigned int *advanced viewer _data )

Description :

The slave mode read data set function is used to read the Slave Mode Channel Trace
Data. Since the controller transmits uncompressed data in the slave mode, a decompression
routine is not required on the client side. However, the raw data is transmitted as an unsigned
char data type and hence has to be reconstructed at the client side if the data width is greater
than 1 byte. After the acquisition of the RAW Data, data reconstruction functions are used to
reconstruct the data according to its corresponding data widths. Please note that the data is
reconstructed taking into consideration the endianness of the incoming data.

Push Mode Routines :

This category contains routines that are specific to the PUSH Mode operation of the controller.

» Licel_ SP_PushMode_Main

Syntax :

int Licel SP PushMode Main( SOCKET cmd soc, SOCKET push_soc
Spectro_ Hardware *sp_hw, Spectro Application *sp_app
Spectro Measurement *sp mes, unsigned int xadvanced viewer data )

Description :

This is the main function for all the PUSH Mode routines. The push mode routines consists of
two main routines namely Acquisition Start and Data Read Loop.
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+ Licel_ SP_PushMode_Acquisition_Start

Syntax :

int Licel_SP PushMode Acquisition_Start ( SOCKET cmd soc,
Spectro_Hardware *xsp hw, Spectro Application *sp_app )
Description :

This function performs the following :

— Analyzes the maximum number of shots to acquire in the PUSH Mode. If the target shots
to acquire is greater than the maximum push mode shots then the application turns on
external averaging mode.

— Starts the controller in the PUSH Mode to acquire the target number of shots.

» Licel_ SP_PushMode_Read_Dataset

Syntax :

int Licel_SP PushMode Read Dataset ( SOCKET push_soc,

Spectro_ Hardware *sp_hw, Spectro Application *sp_app,

unsigned char *incomingtrace, unsigned char *rearrangeBuff,
unsigned short *decompBuff, unsigned int *advanced viewer data )
Description :

This function performs the following operations :

— Reads the incoming PUSH Mode data.
— Decompresses the received PUSH Mode data.

— If the external averaging mode is turned on by the application, this routine keeps reading
the incoming data on the push_soc till the required number of shots have been acquired.

9.1.2 licel_sp_util

This category implements utility helper functions that are called by the functions in the licel_sp cate-
gory.

» Licel_ SP_UTIL _Write_AdvancedViewerData

Syntax :
int Licel SP UTIL Write AdvancedViewerData( Spectro Application *sp_app
Spectro Measurement xsp mes, char xfilename,
time t tStartTime, unsigned int xadvanced viewer_data )
Description :
This function is used to write the acquired data into a file in the Licel Advanced Viewer Data
format.
* Licel SP_UTIL_Reconstruct_SlaveMode 2Byte TraceData

Syntax :

void Licel SP UTIL Reconstruct_SlaveMode 2Byte TraceData( unsigned char
*incomingdata, unsigned short xreconstructedtrace,
Spectro Application *xsp_app, Spectro Hardware *sp_hw )

Description :
This function is used to reconstruct a 2 byte wide data trace from the received raw data.
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9.1.3

Licel SP_UTIL_Reconstruct_SlaveMode_4Byte TraceData

Syntax :

void Licel_SP UTIL Reconstruct_SlaveMode 4Byte TraceData( unsigned char
*incomingdata, long *reconstructedtrace,
Spectro Application xsp_app, Spectro Hardware *sp_hw )

Description :
This function is used to reconstruct a 4 byte wide data trace from the received raw data.

Licel SP_UTIL_Decompress_PushData

Syntax :

void Licel SP UTIL Decompress PushData( Spectro Application *sp_app
Spectro_ Hardware *sp_hw, unsigned char*incomingtrace,
unsigned char *rearrangeBuff, unsigned short *decompBuff )

Description :
This function is used to decompress the received PUSH Mode data.

licel_sp_tcpip

This category implements low level TCPIP functions used to communicate with the sp32 controller.
All functions in this subsection have a common return type and return a positive number if successful.

On fa

ilure it either returns zero or a negative number.

Licel SP_TCPIP_Get_ HWConfig

Syntax :

int Licel TCPIP GetSpectroHWConfig( SOCKET s, int *sphwRev,
double *spBinlen, int #*spBins, int *spNumBytes,

int *spMaxShots, int x*spMaxPushShots, bool =*spBE,

bool xspPushMode, int xspCompFact, bool xspVarTrace,

bool xspVarComp, int xspCurBins, double *spMaxBinlen,
bool xspHighRes, double *spMinBinLen, int *spMinBins,
bool *spWideMem )

Description :

Gets the controller Hardware Configuration parameters.

Licel SP_TCPIP_Start_Acq

Syntax :
int Licel SP_TCPIP SlaveMode Start Acq( SOCKET s, int targetshots,
int startmode )
Description :
Starts the acquisition of the sp32 controller in the mode specified by startmode.

Licel SP_TCPIP_SlaveMode _Get_AcqStatus

Syntax :

int Licel _SP_TCPIP_SlaveMode Get AcgStatus( SOCKET s, int xAcqgStatus,
int *currentshots, int *current )
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Description :
Get the current acquisition status of the controller.
Licel SP_TCPIP_SlaveMode Get Data

Syntax :
int Licel_SP_TCPIP _SlaveMode Get Data( SOCKET s )

Description :

Get the acquired data from the controller.

Licel_ SP_TCPIP_Stop_Acq

Syntax :

int Licel SP_TCPIP Stop Acg( SOCKET s )
Description :

Stop the data acquisition of the controller.

Licel_SP_TCPIP_Set_Resolution
Syntax :

int Licel SP_TCPIP Set Resolution( SOCKET s, int resolution )

Description :

Set the resolution setting of the controller (only for controllers that support variable trace acqui-
sition ).

Licel SP_TCPIP_Set_Rangebins

Syntax :

int Licel SP_TCPIP _Set_Rangebins( SOCKET s, int rangebins )

Description :

Set the rangebins setting of the controller (only for controllers that support variable trace acqui-
sition )

Licel SP_TCPIP_Enable Wide_Accumulation_Memory

Syntax :

int Licel SP TCPIP Enable Wide Accumulation Memory( SOCKET s )
Description :

Enables the wide summation memory of the controller for Internal Shot Averaging (only for
controllers that support wide summation memory ).

Licel SP_TCPIP_Dissable_Wide_Accumulation_Memory

Syntax :

int Licel SP_TCPIP Enable Wide Accumulation Memory( SOCKET s )
Description :

Dissables the wide summation memory of the controller (only for controllers that support wide
summation memory ).
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Function arguments

cmd_soc

push_soc

sp-app

sp_hw

sp_mes

sp_preamble

advanced_viewer_data

incomingdata

reconstructedtrace

filename
tStartTime
s
sphwRev
spBinlen

spMaxBinlen

spBins
spCurBins
spNumBytes
spVarComp
spVarirace
spHighRes
spMinBinLen
spMinBins
spWideMem
resolution
rangebins

spMaxShots

The client TCPIP socket to communicate with the command socket of the
Sp32 controller.

The client TCPIP socket to communicate with the push socket of the
sp32 controller.

The Spectrometer Application Structure object used to store application
acquisition parameters from the configuration file.

The Spectrometer Hardware Structure object used to store the controller’s
hardware parameters from the Hw? command.

The Spectrometer Measurement Structure object used to store application
measurement parameters from the configuration file.

The Spectrometer Preamble Structure object used to store parameters
from the data preamble.

The acquired data in unsigned int format.

The raw incoming data from the controller in unsigned char format.
The reconstructed trace from the raw data (dependent on data width).
The name of the file to write the acquired data.

The data acquisition start time stamp.

The client TCPIP communication socket.

The controller hardware revision number.

The length of each rangebin (in nano seconds).

The maximum length (minimum resolution) of each rangebin (in nano sec-
onds).

The maximum number of rangebins.

The current rangebins setting.

The size (in bytes) of each element in the incoming data trace.
Variable compression factor flag.

Variable acquisition trace flag.

High Resolution Mode support flag.

Minimum binlength / Highest Resolution possible.
Minimum number of bins acquirable.

Wide Memory Summation support flag.

The resolution setting of the controller.

The rangebins setting of the controller.

The maximum shots acquirable by the controller.
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spMaxPushShots The maximum shots acquirable in the Push mode.

spBE Big Endian data format flag. If this flag is set then the incoming data is in
big endiann format.

spPushMode Push Mode supported flag.

spCompFact The compression factor of the incoming data traces.

current The ADC value from the Current Sensor. This is displayed as an integer.

targetshots The target number of shots to acquire.

startmode The controller start acquisition mode.3 (Transmit), 2 (Master/PUSH Mode),
1 (Slave Mode(default)).

AcqStatus The acquisition status of the system. 0 (Idle), 1 (Armed), or 2 (Acquiring).

currentshots The current number of shots acquired by the system.

incomingtrace

Memory to receive the incoming data in unsigned char format.

rearrangeBuff Scratchpad Memory to perform decompression of push mode data.
decompBuff Memory to store the decompressed push mode data.
mode Mode of operation. 2 (Master/PUSH Mode), 1 (Slave Mode(default)).

9.2 spP32 Detector Sample Application

The file SP32 Master_Sample_ Application.cpp contains the application that demonstrates the
use of the sp32 C drivers for data acquisition.

9.2.1 SP32 Master Sample_Application

The Master Sample application implements both the SLAVE Mode and PUSH Mode of the sP32. This
application makes use of an Application Configuration File to configure the application
acquisition parameters. The user can enter the desired values in the corresponding fields of the
configuration file to work with different parameters.

The application opens up a connection to the command socket of the spP32 controller using the host
IP address information in the application configuration file. The default port number of 2055 is used
to connect to the command socket. After the connection is successfully established the application
executes the Licel SP_Startup_Seq. Once the start up sequence is completed, based on the mode
of operation selected in the configuration file, the application executes one of the following functions :

» Licel_SP_SlaveMode_Main.
» Licel_ SP_PushMode_Main.

The application closes the connection to the command socket once the acquisition is completed. The
data file is written to the "data” folder which must be created by the user.

Please Note : For this application to work the application configuration file must be stored in the same
directory as the application executable and the "data” folder must be created in the output directory
as specified in the application configuration file.
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9.2.2 Application Configuration File

The sample applications provided make use of an ASCII based application configuration file called
standard.cfg. This configuration file contains parameters the user can enter to interact with the
application. The parameters can be classified into two groups :

Application Measurement Parameters :

char [8] Location of the experiment
integer Altitude

integer Zenith Angle

double Longitude

double Latitude

char Leading letter of the file name
char [80] Output directory for data.
char [20] IP address of the Host.

Application Acquisition Parameters :

integer Target Shots to acquire

string Activate High Voltage. (1 = turn on high voltage, 0 = turn off high voltage)
integer High Voltage value (in Volts)

integer Laser Rep Rate

integer Discriminator level (range 0-63)

integer Total number of acquisition cycles

float Central Wavelength in nm.

float Dispersion per Channel in nm.

int Resolution (in nano seconds).

int Rangebins.

Please note : This chapter only includes sp32 Detector specific function documentation. Please
refer to the Licel Transient Recorder and Ethernet-Controller Programming Manual for additional func-
tions. The manual call be downloaded at http://www.licel.com/programmingManual.pdf
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9.3 Data File format

This describes the file format written by PMT32 Channel Acquisition and other Licel acquisition
software. The files are interoperable between the different platforms. The file format is a mixed
ascii-binary format where the first lines describe the measurement situation, below follow the dataset
description and then raw data as 32-bit integer values itself.

9.3.1 Sample file header

a08C1l114.3122161

Berlin 11/12/2008 14:31:22 11/12/2008 14:31:22 0035 0013.4 0052.5 00
0001000 0010 00OOOOO 0000 32

111 01000 1 0800 0030 00323.9 0 0 00 000 00O 001003 1.1905 BCO

111 01000 1 0800 0030 00330.1 0 O 00O 00O 00 001003 1.1905 BC1

111 01000 1 0800 0030 00516.1 O O OO 000 00 001003 1.1905 BCIF

Line 1

Filename

Line 2
Location
Start Time
Stop Time
Height asl.
Longitude
Latitude

zenith angle

string.
Format: ?YYMDDhh . mmssxxx

? - The first letter can be chosen freely.
vy - two numbers showing the years in the century

M - one number containing the month as a hexadecimal number
(December = C)

DD - two numbers containing the day of month

hh - two numbers containing the hours since midnight
mm - two numbers containing the minutes

ss - two numbers containing the seconds

xxx - three numbers containing the milliseconds(3 decimal places of the
seconds)

String with 8 Letters

dd/mm/yyyy hh:mm:ss
dd/mm/yyyy hh:mm:ss

four digits (in meter)

four digits (including - sign) dot one digit
four digits (including - sign) dot one digit

two digits (in degrees)
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Line 3

Laser 1 Number of shots

7 digits (integer)

Pulse repetition frequency for Laser 1 5 digits (integer)

Laser 2 Number of shots 7 digits (integer)

Pulse repetition frequency for Laser 2 5 digits (integer) (Not used for the Licel Multispectral
Lidar Detector)

number of datasets in the file 2 digits (integer)

Dataset description

Active

1 if dataset is present, 0 otherwise

Analog/Photon Counting Always: Photon Counting = 1 in case of the Licel Multispectral Lidar

Laser source
Number of bins

1

PMT high voltage
bin width

Channel wavelength
0 0 00 000

number of ADC bits

number of shots

Detector

one digit Always Laser 1 = 1 in case of the one digit

5 digits

backward compatibility

four digits (in Volt)

two digits dot two digits (in meter)

five digits dot one digit (in nm)

backward compatibility

two digits. (00 in case of the Licel Multispectral Lidar Detector)

6 digits (integer)

analog input range/discriminator level

Dataset descriptor

one digit dot 4 digits (discriminator level in case of the Licel Multispectral
Lidar Detector)

BC = photon counting, the number is the channel number as a hex-
adecimal (0 ... 1F).

The data set description is followed by an extra CRLF. The datasets are 32bit integer values. Datasets
are separated by CRLF. The last dataset is followed by a CRLF. These CRLF are used as markers
and can be used as check points for file integrity.
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LabVIEW Driver Vis

In this chapter an overview about the provided LabVIEW Vs is given. The Licel TCPIP driver Vis are
located in the LabVIEW library Licel TCPIP.1l1lb. The PM32 detector specific Vls are located in
LabVIEW library PM32 Channel.llb.

Please Note : The abbreviation sp32 is referred to as PM32 in this chapter for naming compatibility
purpose.

10.1 Licel TCPIP Driver Vlis

10.1.1 Top Level Vis
Licel TCPIP Activate DHCP Mode.vi

This VIl is used to activate DHCP for the transient recorder controller.

This VI uses the default password Administrator and the default port 2055. If the port has been
changed, you must change the current port to the proper value. The DHCP port is the port that will
be used for DHCP communication. After DHCP mode has been set, communication will be lost until
the acquisition computer is configured for DHCP communication as well.

TCFIF

DHCH

Licel TCPIP Disable Secure Mode.vi

This VI is used to disable the Secure Mode of the Licel Ethernet Controller. The initialization file
LicelTCPIP.ini is modified to allow future access without using the Secure Mode login.

TCPIP

uH
% LIMIT|

Licel TCPIP Enable Secure Mode.vi

This VI is used to enable the Secure Mode of the Licel Ethernet Controller. The initialization file
LicelTCPIP.ini is modified to allow future access using the Secure Mode login. This file should be
copied to the same directory where Licel TCPIP.lIb resides on all PCs from where access is allowed.

TCPIP

g LIMIT

Licel TCPIP Getting Started.vi

This VI gets the identification information from the transient recorder controller.
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P Add;f-ﬁ;t Identiffication
. o error out
error in (No error)

Licel TCPIP Set Fixed IP Address.vi

This VI is used for setting the new IP configuration for the transient recorder controller.

Licel TCPIP Set New Password.vi

This VI is used for setting the new password for the Licel Ethernet Controller.

10.1.2 Controller related VI's
Licel TCPIP Activate DHCP.vi

This VIl is used to activate the DHCP mode of the transient recorder controller.

In order to do so, the user must enter the proper password and port number for the controller. After
DHCP mode has been set, communication will be lost until the acquisition computer is configured for
DHCP communication as well.

port
TCPIP Ref In TCPIP Ref Out
error in (no error) error out

password

Licel TCPIP Dump TCPIP Buffer.vi

This VI empties the TCPIP buffer by reading all the data that is available in the buffer.
The Number of bytes trashed shows how many bytes were read from the buffer and disposed of.

TCP RefIn TCP Ref Out
error in (no error) . iNumber of bytes trashed
error out

Licel TCPIP Get ID.vi

Gets the identification string from the transient recorder controller.
TCPIP Ref In TCPIP Ref Out
error in (no error) IID string
error out

Licel TCPIP Kill Sockets.vi

This VI opens a new connection to the TR and sends the command to close down and reset all
TCPIP connections. After doing this, the VI shuts down its TCPIP connection and waits the specified
number of milliseconds, milliseconds to wait, before returning.

milliseconds to wait
address

) Port error out
error in (no error)
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Licel TCPIP Send Data.vi

Adds a CRLF to the end of the string and sends it via TCPIP using the TCPIP reference input
TCPIP Ref In — @R TCPIP Ref out
Typecasted Data “ TCPIP error
error in (no error) STRING SENT
error out

Licel TCPIP Set IP Parameter.vi

This VI is used to configure the transient recorder controller for static IP communication. With it, the

values of the IP address, port number, subnet mask, and gateway can be set.
port
TCPIP Ref In TCPIP Ref Out
P
Mask
gateway
error in (No error)
password

error out

Licel TCPIP Set Password.vi

This VI is used for setting the password of the transient recorder controller.
This password must be given in order to change the IP configuration of the controller.

TCPIP Ref In TCPIP Ref Out
old password ?; error out
new password
error in (No error)
10.1.3 Transient Recorder Commands applicable to PM32 Detector

Licel TCPIP Set Discriminator Level.vi

Sets the discriminator level between 0 and 63 for the selected transient recorders.
TCPIP Ref In TCPIP Ref out
Dlscrlmlr_latur Leveli . error out
error in (no error)

Licel TCPIP Stop Acqusition.vi

This VI stops the acquisition process after the next received trigger.
TCPIP Ref In I TCPIP Ref Qut
error in (no error) error out
10.1.4 PMT Commands applicable to PM32 Detector

Licel TCPIP PMT Get Status.vi

This VI gets the status of the PMT with the corresponding device number.
The values that are returned are the
HV Voltage : this is the actual gain voltage
On : this boolean is true if the gain voltage power supply is on, otherwise it is false
control state : if true, the PMT is being controlled remotely, if false, then the PMT is being
controlled locally
For usage with the PM32 detector controller set Device Number = 0.
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TCPIP Ref In TCRIF : TCPIP Ref Out
Device Number FOT? ... | = ONfOff
error in (no error) = HV Voltage
control state
error out

Licel TCPIP PMT Set Gain.vi
Sets the Gain Voltage for the PMT specified by the Device Number to the value specified by HV

Voltage
For usage with the PM32 detector controller set Device Number = 0.
TCPIP Ref In TP TCPIP Ref Out
HV Voltage _ [==igan error out

Device Number
error in (no error)

10.1.5 Network Security
Licel TCPIP Login Secure Mode.vi

Send the LOGON command to work in secure mode. Reads a string from TCPIP, attempts to convert
the string to 2 U32 numbers used to encrypt the password to 2 output U32 numbers using the Blowfish
encryption algorithm. These output numbers are converted to a hexadecimal string to be used in the
LOGON command. If the LOGON command fails the controller will close the connection without any
notification.

TCPIP Ref In TCPIP Ref Out
Cunnectlnn Passwurdi . error out
error in (No error)

Licel TCPIP Open Secure Mode.vi

Open a TCP/IP connection to the Licel controller in secure mode. The vi tries to open the initialization
file LicelTCPIPR.ini to read the values for the keys UseSecureMode and SecureModePWD from the
SecureMode section:

[SecureMode]
UseSecureMode=TRUE
SecureModePWD=ConnectMe

If the initialization file is found and UseSecureMode is true and SecureModePWD is found the vi
will send the password using the LOGON command (Licel TCPIP Login Secure Mode.vi). Otherwise
just the TCP/IP connection will be opened.

Shove Warnings (T -

address connection ID
Remote Port Connection Failed
Timeout error out
error in (no error)

0Cal POt

Licel TCPIP Set Access Limited.vi

Enables the limited access to the controller, i.e. activates the secure mode. Access is granted only
for IP addresses as specified with the WHITELIST command. Moreover the connection password is
specified.

TCPIP Ref In TCPIP Ref Out
Password
Connection Password § E l : error out
error in (no error)
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Licel TCPIP Set Access Unlimited.vi

Disables the limited access to the controller, i.e. deactivates the secure mode. Access is granted for
everybody.

TCPIP Ref In TCPIP Ref Out
. Password errar out
error in (no error)

Licel TCPIP Set Whitelist.vi

This VI is used to set the allowed hosts at the controller. In order to do so, the user must enter the
appropriate password and 3 host strings to allowed IP addresses or IP address ranges. Such a string
must be specified in the following format:
XX.XX.XX.XX  a single IP address,
XX.XX.xX.255 an IP address range (0:255),
or may be empty.

TCPIP Ref In TCPIP Ref Out
. Hosts error out
error in (no error)
Password

10.2 PM32 Detector Specific Vis

PMT32Channel Get Status.vi

Returns the acquisition mode of the PM32 detector, the acquired shots, and the target shots.
Optionally a value Inum representing the current is returned. The current in mA is obtained by:
ITmA] = Inym = Scale +Offset, Scale defaults to 0.0028172248 mA, Offset defaults to -0.0143994941
mA.

Timeout
TCFIFP Ref In TCPIP Ref Qut
acquired Shots
max Shots
Mode
error cut

Current

error in (No error) sl

PMT32Channel Set NumBins.vi

Set the number of bins to read. This VI is supported only by controllers returning VariableTrace =
TRUE in the hardware information request.

Timeout

TCPIP Ref In

# Bins

error in (no error) =

TCPIP Ref Out
.~ Received String
b Ignored

error out

PMT32Channel Set Resolution.vi

Set the resolution in nanoseconds. This VI is supported only by controllers returning VariableTrace =
TRUE in the hardware information request.

Timeout

TCPIP Ref In
Binwidth (ns)
error in (no error)

TCPIP Ref Out
.~ Received String
b Ignored

error out
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PMT32Channel Read ADC.vi
Read Samples points of the ADC trace.

Timeout

TCPIP Ref In
Samples

error in (no error) =

TCPIP Ref Qut
Received String
ADC Data
error cut

PMT32Channel Read Current.vi

Read the current value Inym of the PM32 detector.
The current in mA is obtained by: I[mA] = Inym * Scale + Offset, Scale defaults to 0.0028172248
mA, Offset defaults to -0.0143994941 mA.

Timeout
TCPIP Ref In TCPIP Ref Qut
Received String
Current

error cut

error in (no error)

PMT32Channel ReadTemp.vi

Read the temperature in deg C from the PM32 detector controller

Timeout

TCFIFP Ref In TCPIP Ref Qut

Received String
Temperature

error cut

error in (no error)

PMT32Channel ReadDieTemp.vi

Read the die temperature in deg C.
Timeout
TCPIP Ref In TCPIP Ref Out
Received String
Temperature

errar cut

error in (no error)

PMT32Channel Simulation.vi

Switch the trigger simulation on (generate an internal trigger) or off (expect an external trigger)
Timeout

TCFIP Ref In TCPIP Ref Qut

error out

error in (no error) =

PMT32Channel Shutter.vi

Switch the the mechanical shutter (if installed and supported).
Timeout

TCFIP Ref In

Shutter -

error in (no error) =

TCPIP Ref Qut

----------- error out

PMT32Channel Start.vi

Starts an acquisition of Shots shots at the PM32 detector.
If TRANSMIT is true the acquired data will be returned without any further request for data.
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If PushSupport is true the PM32 detector will continuously transfer sequences of acquired data
of Shots shots via the TCP/IP data socket (push socket).

Timeout

TCPIP Ref In
Shots

error in (no error)
Transmit
PushSupport

TCPIP Ref Qut

error out

PMT32Channel Get Data.vi

Request data (if QueryBefore = TRUE).

Read data from the multispectral detector.

If QueryBefore = FALSE a subsequent acquisition must have been started with the TRANSMIT
option.

Timeout
TCPIP Ref In

Data Width

error in (no error) =
Endian ;
QueryBefore

TCPIP Ref Qut
Shots

Raw Data
error cut

PMT32Channel HW Info.vi

Returns the hardware information about the PM32 detector controller. Default values are used in the
case that parameters are not available from the current PM32 detector controller.
The returned values are bundled into two clusters:

« Data Info
Version

(current) Binwidth (ns)
#MaxBins (maximum number of bins to return)

W=

DataWidth (default: 2 bytes)

MaxShots (default: 4096)

Endian (default: big endian)

VariableTrace (= FALSE if not supported)

(current)

#Bins (changeable if VariableTryce = TRUE, otherwise #Bins = #MaxBins)

MaxBinwidth (ns) (= Binwidth (ns) if VariableTrace = FALSE, otherwise Binwidth (ns)
is changeable)

No ok~ whd

* Pushinfo

1. PushSupport TRUE: the controller is capable to transfer acquired data via the TCP/IP
data socket (push socket) (= FALSE if not supported)

2. PushDataSize (use if PushSupport = TRUE)
3. CompressionLevel (use if PushSupport = TRUE)
4. VariableCompression (use if PushSupport = TRUE)

Timeout
TCFIFP Ref In TCPIP Ref Qut
| = Version
f b= Datalnfo
error cut

Pushlnfo

error in (no error)
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PMT32Channel Push Parser.vi

Parse the pushed data stream for the data heder and the acquired data bytes.

Current
Data Width BufferSize
Buffer in UEE] Buffer cut
Endian - p— [ L shets
VariableCompression — nE Data

- Datafvailable
ShotHeaderAvailable
CompressionLevel out
Resynced

Tirnestarmp

CompressionLevel

PMT32Channel Push CheckMarker.vi

Sub-VI of PMT32Channel Push Parser.vi. Testthe data stream for the availablity of the marker
DWord (OxFFFFFFFF) at the beginning. Search for it if necessary.

Buffer out

Buffer in S

Fush
marker

PMT32Channel Push EnoughDataBytes.vi

Sub-VI of PMT32Channel Push Parser.vi. Check whether or not the data header is complete
and if yes whether or not enough data according to the extracted values for Width, Length, and Data
Width is available.

ByteOffset
Width
Length
Buffer in Current
Data Width | _.......] Bic L Shots
VariableCompression - - ShotHeaderAvailable
CompressionLevel BytesAvailable
Endian CompressionLevel out

Tirnestamp

PMT32Channel PushDecompress.vi

Sub-VI of PMT32Channel Push Parser.vi. Extract the data from the data stream according to

the parameters ByteOffset, Width, Length, Data Width, Compression Level, and Endian.
Data Width

Buffer in

ByteOffset

Width

Length
CompressionLevel
Endian

Buffer ocut
= [ata

PRS2

Puzh
decomp|

—

=]
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Chapter 11

Initialization Files

The software PM32 Channel Acquisition and PM32 Pulse Height Distribution read certain value from
the initialization file PMT32Channel.ini. Some of these values are written to the file when they
are changed. The initialization file global info pm32.ini is used by PM32 Channel Acquisition,
only. In the next section we refer to PM32 Channel Acquisition as Acquis, and to PM32 Channel
Acquisition as Pulse.

11.1 The initialization File PMT32Channel . ini

In the initialization File PMT32Channel. ini several values are stored on change while the software
is running. These values will be read when the software is started the next time.

The values in the TCPIP section are read only if the software is started as a Windows Apllication.
The values are used by Acquis and Pulse:

[TCPIP]
UseValues = TRUE
IPAddress = "10.49.234.234"

Port = 2055

The keys 1PAddress and Port are automatically written to the file after successfully establishing a
TCP/IP connection.
The following list contains the other initialization file keys.

¢ [PMT]
HvV = 800.000000

The key’s value is written when the High Voltage is changed and will be used when the software
is started (Acquis and Pulse).

* [TR]
Discriminator = 3
SamplingRate = 5.000000

The key Discriminator is written when the Discriminator is changed and it's value will be
used when the software is started (Acquis).

The key samplingRate is written for documentation (Acquis) when the internally used sam-
pling rate is derived from the binwidth (in nanoseconds, obtained with the Hw? command when
the software initializes).

e [Live]
Shots = 100

The key’s value is written when the Update # (update number) in the Live mode is changed and
will be used when the software is started (Acquis).
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* [Acquis]
Shots = 1000
Records = 1

The key shots and the key Records are written when the number of Shots and the number
of records (Acquisitions), respectively, are changed in the Acquis mode and will be used when
the software is started (Acquis).

* [ROI]
CursorStartX = 4000,000000
CursorEndX = 6000,000000
Scale =1

The keys CursorStartx and CursorEndX are written when the cursor positions change on
the ROI page or when the Range/Time Scales is changed (for documentation). The key scale
is changed when the Range/Time Scales is changed. The Scale value is used for the next
start of the program (Acquis).

* [Resolution]
Binwidth_ns = -1.000000
NoBins = -1

The key NoBins is written to the initialization file when the number of bins # Bins on the Con-
figuration page changes (if the controller supports variable traces). The key Binwidth ns is
written when the Binwidth (ns) or the Ninlength (m) are changed. The values are used for the
next start of the program (Acquis) but they may be overwritten when obtaining the HW? values.
Values of -1 mean that the keys have never been updated.

* [Channels]
CenterWavelength = 420,000000
nmWidth = 6.20
IndexDisplay = 1
Active = 4294967295

The key CenterWavelength and IndexDisplay are written to the initialization file when the
control fields Center Wavelength / nm, (located on the Configuration page in Acquis), and the
switch Channel Display (at the page ROl in Acquis) are changed. nmWidth corresponds to the
input field nm per Channel on the Configuration page in Acquis. The key Active is a bit field
corresponding to the activated channels on the Configuration page in Acquis). The values are
read when Acquis initializes.

e [Pulse]
HV = 800.000000
Shots = 10

Active = 4294967295

The values in this section are used to initialize the corresponding controls in Pulse. They will be
updated when changing the High Voltage value, the number of Shots and the control to activate
the channels (Active is a bit field as described above).

e [HV_Current]
Max_mA = 0.4
CurrentScale = 0.0008
CurrentOffset = 0

The values in this section are not changed by the software but read when starting Acquis.
Max_mA is used to set the warning level (red slider in the dynode current indicator).
CurrentScale und CurrentOffset are used to calculate the dynode current in mA from
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the ADC value of the on board high voltage supply current sensor: Current = (ADC value x
CurrentScale + CurrentOffset.

e [TCPIP_API]
Active = FALSE
Port = 2088

The settings here are used to enable the TCP/IP API of Acquis.

11.2 The initialization File global info pm32.ini

The initialization file contains global settings for the PM32 acquisition used by PM32 Channel Acqui-
sition. The working_directory is used as start path by the PM32 Viewer.

[global_info]

Location = "Berlin"

Longitude = 13.400000

Latitude = 52.500000

Height_asl = 45.000000

working_directory = "/D/data/PM32channel/20220608"
first_letter = "p"

frequencyl = 10.000000

These initialization file keys correspond to the inut fields Location, Longitude, Latitude, Height asl,
Working Directory, first letter, and Laser Frequency on the Configuration page of the PM32 channel
acquisition software. All values are written to the initialization file when the corresponding param-
eters are changed, therfore, there is no need to change them manually. The initialization file keys
frequency?2, Zenith, frequency3, Azimuth, Info, frequency4,NoSafeIncompleteFiles,
SaveOverflow, and SyncViewer might appear in the file for compatibility with other applications.
These parameters will not be used by the PM32 software.

There are further parameters corresponding to the channel configuration:

[global_info_Laserl]
Laserl_WavelengthO = 526.800000

Laserl_Polarization0O = 1
Laserl_Wavelengthl = 521.200000
Laserl_Polarizationl = 1

Laserl_Wavelength31l = 353.200000
Laserl Polarization31l =1

These wavelength settings will be written to the file for documentation when the center wavelength
(Wavelangth / nm) or the nm per channel are changed. Therefore, there is no need to modify them
in the initialization file global info pm32.ini.
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Chapter 12

TCP/IP API

The basic functions of the Licel Main software can be accessed from third party applications via
TCP/IP. For this Licel Main implements a TCP/IP server listening on a defineable port.

12.1 Enable the TCP/IP API

To activate the TCP/IP server the following initialization file keys in PMT32Channel.ini have to be
aligned:

[TCPIP_API]
Active = TRUE
Port = 2088

If Active is set TRUE a listener will be started using the specified TCP/IP port (Port = 2088).

12.2 Command List

The following list contains the supported commands. The commands must be sent with an additional
<CRLF> (0x0DO0A) and the responses will end with a <CRLF>, as well.

* VER?
Parameters
Description Return the program version number as displayed in the Windows title bar
Reply VER <version>
* DIRECTORY
Parameters <Directory>
Description Set the directory for the data files. The directory path must be given in Win-
dows syntax.
Reply DIRECTORY executed
* WAVELENGTH
Parameters <CentralWavelength> <nmPerChannel>

Description Sets the CentralWavelength in nanometers and the nmPerChannel. Note
that the nmPerChannel may be negative dependent on the geometry of the
used spectrograph/spectrometer.

Reply WAVELENGTH executed
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PMT

Parameters
Description

Reply

DISCRIMINATOR

Parameters
Description
Reply
SHUTTER
Parameters
Description
Reply
TRIGGER
Parameters
Description
Reply
RUNMODE
Parameters
Description
Reply
LSHOTS
Parameters
Description
Reply
SHOTS

Parameters
Description

Reply
RECORDS

Parameters
Description

Reply
AUTO

Parameters
Description

Reply
STATUS?

Parameters
Description

Reply

<HV> <VoltageSwitch>

Set the PM voltage HvV and the HV switch VoltageSwitch. PMT 950 1 sets
the voltage to 950 V and switches it on, PMT 950 0 switches the voltage off
while leaving the set voltage at 950 V

PMT executed

<DiscriminatorLevel>
Set the Discrminator Level, the allowed range is 0 ... 63
DISCRIMINATOR executed

<0[1>
Set the shutter (0: Closed, 1: Open)
SHUTTER executed

<0[1>
Set the trigger (0: External, 1: Internal)
TRIGGER executed

<0[1>
Set either the Live mode (0) or the Set either the Acquis mode (1).
RUNMODE executed

<NumberOfShots>
Sets the NumberOfshots to acquire in Live Mode.
LSHOTS executed

<NumberOfShots>

Sets the NumberOfShots to acquire per record when starting a multiple acqui-
sition using the command AUTO 1.

SHOTS executed

<NumberOfRecords>

Sets the NumberOfRecords to acquire when starting a multiple acquisition us-
ing the command AUTO 1. A value of 0 will set the number of records to unlim-
ited i.e. acquire until AUTO 0 is sent.

RECORDS executed

<0[1>

Start or stop NumberOfRecords (or unlimited) automatic acquisitions of
NumberOfShots shots.

AUTO executed

Request the current software status, i.e. the run mode (Live or Acquis), auto-
matic acquisition status (0 or 1), number of acquired records (completed files),
number of acquired shots in the current record, PMT voltage, Shutter (0 = closed
or not supported, 1 = open).

STATUS RUNMODE=1 AUTO=1 RECORDS=2 SHOTS=77 PMTHV=950
SHUTTER=1 (example)
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e FILE?
Parameters
Description
Reply

* CMDLOG?
Parameters
Description

Reply
* CMDLOG

Parameters
Description

Reply

Request the path of the last written file.
FILE z:\data\2260912.395192 (example)

Request whether or not the TCP/IP commands are currently logged. Command
logging is supported in Licel’'s Windows and Linux applications and by default in
the LabVIEW sources.

CMDLOG 0|1

0|1

Switch the TCP/IP command logging on (1) or off (0). Command logging is sup-
ported in Licel’s Windows and Linux applications and by default in the LabVIEW
sources.

CMDLOG executed
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