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1 Safety Instructions

You have purchased a high precision measurement system. Please read the User Manual carefully

before operating the field probe. Please handle all parts with care, especially the fiber optics and its

connectors.

• Avoid any unnecessary force that may cause the fiber to bend sharply and break.

• Cap end face when optical connectors are not plugged.

• Clean any dirt from the end face (see Section 5.1.1).

• Avoid any unnecessary stress. All components of the systemare sensitive to shock and impact.

• There are no serviceable parts inside this product. Open neither the CI-250 controller nor the

field probe. Opening can void the warranty. If there is any failure, please contact LUMILOOP

GmbH.

(a) Laser Classification

BEFORE PLUGGING,

CLEAN OPTICAL CONNECTOR TIPS!

ALWAYS APPLY INCLUDED DUST CAPS!!
(b) Cleaning Advice

Figure 1: Safety Instructions

LASER SAFETY

The LSProbe system is a closed system and is thus classified as a class 1M laser product, according to

IEC 60825-1:2014 / DIN EN 60825-1:2015-07. This is true as long as the Laser supply is turned on

only after checking connection and integrity of the fiber cable, as advised in Section 5.1.

However, this classification does not handle the danger arising from an accidential disconnection

or damage of the fiber during operation. According to IEC 60825-2 / DIN EN 60825-2 (“Safety of

optical fibre communication systems”), the LSProbe features an Automatic Power Reduction (APR). If

there is any interruption in the communication between E-Field Probe and Computer Interface, or a

suddenpower decrease, the power laser is turned offwithin onemillisecond. This APR is deactivated

temporarily during startup and measurement mode changes. The deactivated APR is visualized by

the blinking orange “Laser on” indicator on the Computer Interface (see Section 3.1.2). Interrupting

optical connections during this time is dangerous!
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2 SystemOverview

Theminiaturized 6GHz 3DE-Field Probe LSProbe enables unattended, continuous E-fieldmeasure-

ments with high resolution, high speed and low noise. Its galvanically insulated laser power supply

eliminates the need for batteries. LSProbe is not limited to the acquisition of quasi-static fields. With

its sampling rate of up to 2MSamples/s LSProbe is also able to measure rapidly changing electric

fields. The field probe’s large dynamic range and fast pulse response make it applicable to entirely

new use cases.

Every LSProbe comes with a complete set of calibration data for unparalleled linearity, temperature

stability and frequency compensation. The high-accuracy in-house calibration data can be further

enhanced by external accredited calibration laboratories.

Figure 2: LSProbe system block diagram

As shown in Figure 2 LSProbe consists of a 3D E-field probe which records E-field values using log-

arithmic power detectors and analog-to-digital converters. The digital sample values are transmit-

ted to a Computer Interface digitally using an optical fiber. The Computer Interface also serves to

supply the E-field probe optically and handles external trigger signals. It attaches to a host com-

puter via USB. The LSProbe TCP Server handles USB communication, application of calibration data,

data post-processing and communication with client programs via TCP/IP SCPI commands, e.g. the

LSProbe Graphical User Interface (GUI).

Moreover, the TCP Server receives SCPI commands via its standard input and replies via its standard

output. This enables simplemanual configuration and verification of the LSProbe’s operation by typ-

ing/pasting commands into a command. The feature can also be used to connect the TCP to third

party software using a standard IO pipe.

Multiple LSProbes may be connected to one TCP Server instance to form aMultiprobe System con-

sisting of synchronized E-field probes which is especially suitable for field distribution analysis, sta-

tistical field analysis and reverberation chamber applications.

2.1 Data Acquisition and Processing

The software delivered with the LUMILOOP LSProbe 1.2 E-field probe system consists of:

2017/08/17 Page 11/163



LSProbe 1.2 User’sManual
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LSProbe
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Figure 3: LSProbe software block diagram

• the LSProbe USB driver,

• the LSProbe TCP Server,

• the LSProbe Graphical User Interface (GUI) and

• the LSProbe external calibration data import tool.

As shown in Figure 3 one instance of the LSProbe TCP Server communicates with all Computer In-

terfaces connected to the host computer via USB 2.0. The TCP Server configures the Computer In-

terface, streams all field strength and auxiliary data, applies calibration data to the received field

strength values, handles trigger events, performs sensor data buffering and post-processing. The

TCP server provides an exhaustive set of SCPI commands for simple and reliable text-based inte-

gration into test and measurement automation solutions, see Section 10. Concurrent access to all

Computer Interfaces is offered to up to 16 TCP clients.

All third party EMC software accesses the LSProbe TCP Server through SCPI commands, examples

are given in Section 5.3.2 and Section 5.4.2. When operatingmultiple TCP client programs in parallel,

the user is responsible for avoiding undesired interference. For example, one client must not change

the measurement mode while another client relies on a different setting. Generally, concurrent ac-

cess to the LSProbe TCP Server is discouraged except for debugging purposes.

The LSProbe GUI detailed in Section 5 is a graphical user interface for configuring and monitoring

the system as well as measuring and logging data. As all clients it may connect to a local or remote

TCP Server.

2.2 Statistical Analysis

The LSProbe TCP Server is able to perform a statistical evaluation of field strength data originating

from one or more E-field probes. Thus reducing the programming effort, communication overhead,

memory requirements and CPU load. Both scalar statistics values and histogram-like distributions

are accessible through the LSProbe TCP Server. Figure 4 shows a simplified data flow diagram for

both continuous and triggered statistics.
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Figure 4:Data flow diagram for continuous and triggered statistics
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2.3 Continuous Statistics

Continuous statistics are based on four histograms generated from all incoming E-field strength val-

ues. There is one histogram for x-, y- and z-axis each in addition to one histogram for E-field strength

magnitude. Histograms are created at a resolution of 1/200dB. Data collection is enabled and dis-

abled using dedicated signal lines described in Section 3.2. Continuous statistics consume aminimal

amount of memory since timing information is discarded in the process of creating histogram data.

Consequently, continuous statistics can be recorded for arbitrary durations of time. Scalar statis-

tics values and histogram-like distributions use statistics snapshots, i.e. copies of the continuously

updated histogram, created at specific times. Snapshot creation for multiple E-field probes is syn-

chronized using dedicated signal lines detailed in Section 3.2. Hardware-based snapshot creation

ensures thatMultiprobe statisticswill not be distorted by latencies introduced by buffering, theUSB

bus or the operating system’s data processing. Histogram-like distributions and associated E-field

values can be queried at a lower level of detail than the 1/200dB default of the snapshot histograms.

See Section 5.5.2 and 5.5.4 for details.

2.4 Triggered Statistics

Triggered statistics create snapshot histograms from triggered waveforms. Consequently, a set of

x-, y-, z-axis and magnitude E-field waveforms must be recorded in full before statistics evaluation

may take place. When compared to continuous statistics triggered statistics have the advantage of

preserving timing information in the form of the triggered waveforms. However, triggered statistics

also have a number of disadvantages relative to continuous statistics:

• Triggered statistics requires memory in proportion to the length of time to be evaluated and

the number of E-field probes in a system, i.e. approximately 26MBper second and field probe.

For a single probe setup this limits the maximum waveform length to approximately 100 sec-

onds.

• For the same duration of time creating a snapshot histogram from triggered waveforms is sig-

nificantly slower than a continuous statistics snapshot. This is due to the fact that triggered

statistics must evaluate all samples in the recorded waveforms while continuous statistics

merely require a copy of the continuously updated histogram for every snapshot.

• Triggered statistics are only available for the recorded waveforms as a whole, continuous

statistics may take statistics snapshots as data is being recorded.

• Triggered statistics may introduce significant delays in TCP Server to client communication,

especially when recording large waveforms.

It is therefore generally preferable to rely on continuous statistics when timing information is not

essential.
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2.5 StreamRecording

The LSProbe TCP Server is able to save a stream of continuously recorded x-, y- and z-axis E-Field

values to disk. This can be done for one ormultiple E-Field Probes. The Computer Interfaces’ trigger

signals canbeemployed to synchronizemultiple streams. OneComputer Interfaceacts as the stream

master, sending one synchronization pulse for every 256 samples. All other Computer Interfaces act

as stream slaves and use the master’s synchronization pulses to ensure an identical sampling rate.

See Figures 11, 12 and13 for the required physical connections to theBNCconnector andExt1RJ45

socket.

Stream files are stored in the path specified by the LSPROBE_SAVE_PATH environment variable and

adhere to the naming convention in Section 11.2.4. File names start with an arbitrary prefix string

followed by the E-Field Probe’s serial number and a unique time stamp. A new stream file or set

of stream files, containing an updated time stamp, will be created every 1,000,000,000 samples. In

order to minimize disk storage requirements and CPU load data are saved using the binary format

detailed in Section 11.2.4.
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3 LSProbeHardware

3.1 E-field Probe Components

The hardware delivered with the LUMILOOP LSProbe 1.2 E-field Probe System consists of:

• an E-Field Probewith fixed fiber optic cables,

• a Computer Interface (CI) and

• a universal input mains-adapter.

3.1.1 E-Field Probe

Z-Axis

Y-Axis

X-Axis

Envelope

Detector

High Band

Z-Axis

Y-Axis

X-Axis

Envelope

Detector

Low Band

Z-Axis
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Optical

Data

Trans-

mitter

Status

Temperature,
Acceleration

(X, Y, Z)

X-Axis

ADC

Antenna

Video Bandwidth Switch Flag

Burst / Continuous
Mode Switch Flag

Band Switch
Enable Flag

X
Y

Z

To Computer
Interface

Figure 5: E-Field Probe block diagram

Figure 5 shows the simplified block diagram of the E-Field Probe. Three electrically short monopole

antennas are used todetect x-, y- and z-axis electrical fields over awide rangeof frequencies andfield

strengths. Each axis has got one dedicated low-band and one dedicated high-band logarithmic field

strength detector, of which one is selectable at a time using a mode flag (see Table 1). The low-band

stretches from 10kHz to 400MHz, the high-band from 30MHz to 6GHz.

E-Field Probe video bandwidth is defined as the -3 dB cut-off frequency of the first order lowpass fil-

ter operating on the envelope of each logarithmic field strength detector. For accurate operation the

detected frequency should be at least ten times larger than the video bandwidth. The low-band de-

tector offers a choice between low and high video bandwidth, i.e. approximately 500Hz and 1MHz

selectable using a mode flag (see Table 1). The high-band detector has a fixed video bandwidth of

approximately 3MHz.

For each axis a 14 bit analog-to-digital converter (ADC) is used to digitize the detected signal level. A

mode flag is used to select either 500 kSamples/s continuous sampling or 2MSamples/s burst mode
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sampling. In burst mode each burst frame contains 597 x-, y- and z-axis field strength values, the

E-Field Probe sends approximately 1000 burst frames per second.

The E-Field Probe’s optical data transmitter combines field strength values, acceleration, temper-

ature and voltage values and additional status information to form a digital, checksum-protected

optical data stream.

The E-Field Probe offers eight1 modes. Each mode is characterized by a specific frequency range,

video bandwidth, sampling rate and sample timing, as listed in Table 1.

Table 1: E-Field Probe measurement modes overview

Mode
Minimum

Frequency

Maximum

Frequency

Video

Band-

width

Sampling

Rate

Effective

Sampling

Rate

Sample

Timing

0 30MHz 6GHz 3MHz 500 kS/s 500 kS/s continuous

1
10 kHz 29.9MHz 500Hz

500 kS/s 80 kS/s
interleaved

burst30MHz 6GHz 3MHz

2 10MHz 400MHz 1MHz 500 kS/s 500 kS/s continuous

3 10 kHz 400MHz 500Hz 500 kS/s 500 kS/s continuous

4 30MHz 6GHz 3MHz 2MS/s 566 kS/s burst

5
10 kHz 29.9MHz 500Hz

2MS/s 90 kS/s
interleaved

burst30MHz 6GHz 3MHz

6 10MHz 400MHz 1MHz 2MS/s 566 kS/s burst

7 10 kHz 400MHz 500Hz 2MS/s 566 kS/s burst

In mode 0 and 4 only the high band envelope detector is active. In mode 2, 3, 6 and 7 only the low

band envelope detector is active. In mode 1 and 5 the high band and low band envelope detectors

are active in an interleaved fashion. Consequently, mode 0, 2, 3, 4, 6 and 7 offer the largest number

of samples per second but require amode change in accordancewith the operating frequency. Mode

1 and 5 span the E-field Probe’s entire frequency range but offer fewer samples per second.

When using SCPI Commands or third party EMC software special care must be taken to ensure an

appropriate mode setting and low-pass filtering for themeasurement task at hand.

3.1.2 Computer Interface

The Computer Interface connects the field probe to a host computer. It contains:

1Units delivered before February 2017 have six modes and do not support mode 1 and 5.
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• a supply laser powering the field probe and transmitting data to the E-Field Probe,

• a thermoelectric, i.e. Peltier, temperature controller for cooling or heating the supply laser,

• an optical receiver for E-Field Probe data,

• a BNC trigger input or output connector for synchronization and

• a USB2.0 interface connecting to the host computer.

As shown in Figure 6 the main switch is located on the left side of the front panel. In “0” position, it

disconnects Computer Interface’s external 5V supply. The right side of the front panel is occupied

by the air outlet of the laser temperature controller and must not be obstructed. Four labeled LED

indicators display the Computer Interface’s operating state as follows:

Figure 6: Computer Interface front panel

POWER (GREEN)

Flashing

Main switch is on, Computer Interface is inactive.

Continuously on

USB connection to TCP Server has been established.

Continuously off

Main switch is off, mains adapter is disconnected or Computer Interface firmware is miss-

ing or compromised, see Section 4.4 for details.

TEMP (RED)

Continuously off

Temperature of the supply laser is being controlled within the laser’s safe operating range

if the laser’s LED is flashing or continuously on.

Continuously on

Temperature of the laser is above its safe operating range, laser is being cooled.

Flashing

Temperature of the laser is below its safe operating range, laser is being heated.

LASER ON (ORANGE)
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Continuously off

The supply laser is off.

Flashing

The supply laser is on, the E-Field Probe is in start-up ormode change operation. The rapid

laser shutdown safety function has been deactivated temporarily. The optical cablesmust

not be disconnected in this state.

Continuously on

The supply laser is on, theE-FiledProbe is operating in the requestedmode. The rapid laser

shutdown safety function is operational.

DATA LINK (BLUE)

Continuously off

No data is being received from the E-Field Probe.

Flashing

The optical data and power link has failed and the supply laser has been turned off.

Continuously on

Data is being received from the E-Field Probe.

Figure 7: Computer Interface back panel

TheComputer Interface’s back panel shown in Figure7 contains the air inlet of the laser temperature

controller andmust not be obstructed.

Optical connectors are located on the right side of the back panel. When the optical fibers are dis-

connected, connectors must be covered with the supplied dust caps as shown in Figure 7. The upper FC

connector is the supply laser output. The lower ST connector is the optical data input.

The following electrical connectors are located at the bottom edge of the back panel, left to right:

USB

USB B connector attaching the Computer Interface to the host computer.

5V 3A

External DC power supply, barrel jack 2.1/5.5mm.
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TRIGGER

Trigger output or input BNC connector using 5VCMOS logic levels.

EXT 1

RJ45 extension connector forMultiprobe Systems. No Ethernet interface!

EXT 2

Reserved for future use. No Ethernet interface, do not connect!

3.2 Multiprobe Systems

Figure 8:Multiprobe Interconnect and Power Supply unit with ten E-Field Probes

Continuous E-field statistics for Multiprobe setups require a hardware link via the “Ext 1” extension

connector of each Computer Interface. For systems with two probes a straight shielded RJ45 (EIA/-

TIA 568) patch cable is sufficient, see Figure 9. For larger Multiprobe Systems a Multiprobe Inter-

connect and Power Supply unit as shown in Figure 10 connects to each Computer Interface. Note

that the barrel plug patch cables used for supplying the Computer Interfaces via the Multiprobe In-

terconnect and Power Supply unit are not shown.

In aMultiprobeSystemoneComputer Interface is configured as themasterComputer Interface. The

Multiprobemaster controls continuous statistics collection via dedicated enable and snapshot lines.

The hardware link also carries lines indicating the master/slave status of each Computer Interface

in aMultiprobe System. As shown in Figure 8 there are dedicated indicator LEDs on theMultiprobe

Interconnect and Power Supply unit. The master is indicated by a flashing LED. Multiprobe slaves’

LEDs are on continuously if the statistics collection is turned on. Continuously off LEDs indicate that

statistics collection is off.
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Figure 9:Multiprobe connection for two E-field probes

Figure 10:Multiprobe connections for ten E-field probes
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3.3 Trigger Inputs andOutputs

The Computer Interface features two independent trigger inputs and outputs. The BNC connector

on the back of the Computer Interface uses a single-ended 5VCMOS logic trigger signal. Figures 11

and 12 show the basic point-to-point setup for using an external device as either trigger target or

trigger source. The external device can be another Computer Interface or an electrically compatible

third-party device.

Trigger Target Device

Figure 11: External trigger output using BNC connector

Trigger Source Device

Figure 12: External trigger input using BNC connector

The Ext1 RJ45 socket on the back of the Computer Interface uses a differential 3.3V CMOS logic

trigger signal. This signal can be used to exchange trigger signals in a Multiprobe setup containing

two or more Computer Interfaces as shown in Figure 13. When a Multiprobe Power Supply Unit

is connected all Computer Interfaces automatically share a pair of dedicated differential logic lines.

The Ext1 RJ45 sockets are not recommended for use with third-party devices.

Figure 13: External trigger input and output using Ext1 RJ45 sockets
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4 LSProbe Software

4.1 LSProbe TCP Server and GUI Installation

Software installation consists of the following steps:

1. Run the TCP Server and GUI installer. Following the displayed installation instructions care-

fully. When asked for permissions for driver installation grant the permissions, this is required

for serial protocol emulation as described in Section 7 on page 67.

2. Copy the supplied calibration data into the directory selected during TCP Server and GUI in-

stallation. E.g. if the calibration data directory is

❈✿❭Pr♦❣r❛♠ ❋✐❧❡s ✭①✽✻✮❭▲❙Pr♦❜❡❴✶✳✷❭❝❛❧❭ and the serial number of the E-Field Probe is

✹✷, please copy the whole directory named s♥✹✷ from the installation medium into the ❝❛❧ di-

rectory. Repeat the procedure for all LSProbe E-Field Probes connected to the host computer.

3. Install the LabView RTE as detailed in Section 4.3.

The TCP Server host name, the TCP Server port as well as paths for data storage and calibration files

are set via system-wide environment variables which are set during TCP Server installation. Vari-

ables may also bemodifiedmanually or be overwritten by user variables:

▲❙P❘❖❇❊❴❍❖❙❚

Set to the hostname or IP address of the computer running the TCP Server. This variable is used

by the LSProbe GUI only.

▲❙P❘❖❇❊❴P❖❘❚

Set to the desired TCPport of the LSProbeTCPServer. This variable is used by the LSProbe TCP

Server and GUI, both default to port 10,000 if the variable is not defined.

▲❙P❘❖❇❊❴❈❆▲❴P❆❚❍

Points to the directory containing the calibration data sub-directories for all attached E-Field

Probes. This variable is used by the LSProbe TCP server only.

▲❙P❘❖❇❊❴❙❆❱❊❴P❆❚❍

Points to the directory that saved files and settings will be stored in. This variable is used by the

LSProbe GUI only.

If the LSProbe TCP Server and LSProbe GUI are supposed to run on different host computers, the

installer must be run on both systems. The environment variable ▲❙P❘❖❇❊❴❍❖❙❚ of the system run-

ning the LSProbe GUI must be set to point to the host computer running the LSProbe TCP Server.

Moreover, the environment variable ▲❙P❘❖❇❊❴P❖❘❚must be set identically.

4.2 USBDriver Installation

If the host computer has access to the online Microsoft Windows Update, the drivers should be in-

stalled automatically when a Computer Interface is connected and powered-up for the first time.

Note that for normal operation no internet access is required.
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After successful driver installation the Device Manager will list the Computer Interface as “USB Se-

rial Converter A” and “USB Serial Converter B” as shown in Figure 14(a) and (b). Note that the device

naming is generic and references neither LUMILOOPnor LSProbe. However, this does not affect the

proper operation of the E-field probe.

(a) DeviceManager USB device (b) Current FTDI USB driver version

Figure 14: Correctly installed FTDI USB driver

If the automated install fails, or if the host computer has no Internet connection, execute the FTDI

USB driver installer ❈❉▼ ✈✷✳✶✷✳✵✻ ❲❍◗▲ ❈❡rt✐❢✐❡❞✳❡①❡ contained in the the LSProbe installation

path’s ❧✐❜ directory as shown in Figure 15.

Figure 15:Manual FTDI USB device driver installation

It is strongly advised to observe the following recommendations:

• Plug the LSProbe Computer Interface directly into the computer. Do not use a USB hub or

docking station.

• Donot connect other high bandwidthUSBdevices to the sameUSB root hub. In rare cases this

may reduce read performance significantly, resulting in unreliable operation and eventual loss

of measurement data.
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• Especially, donotoperate theComputer InterfaceonaUSBportwhereaUSBgraphics adapter

is installed or was previously installed. The USB graphics driver may disturb communications

even if the hardware is no longer attached.

4.2.1 Troubleshooting USBDriver Installation

If no Computer Interface and no other FTDI hardware have previously been connected to the com-

puter andautomaticWindowsdriver installation is deactivatedor no Internet connection is available

the error message shown in Figure 16(a) will be displayed. In this case the Device Manager’s “Other

devices” section will give an output similar to Figure 16(b), listing the CI250 Computer Interface’s

USB end points as unknown devices.

(a) Installation failuremessage (b) DeviceManager output

Figure 16:USB device driver failure messages

Make sure that you are using the most recent FTDI USB driver. The driver version at the time of

writing is 2.12.24. Using out-of-date USB drivers may result in improper operation.

Check the driver version by opening the Device Manager and extending the “USB-Controller” cate-

gory. Right-click “USB Serial Converter A” and select “Properties”. Open the “Driver” tab to view the

FTDI USB driver version as shown in Figure 14(b). If an older version of the FTDI driver has been in-

stalled click on “Uninstall”. In the following dialog, make sure to check “Uninstall the driver software

for this device” as shown in Figure 17, failing to do sowill prevent driver updates.

Make sure to repeat the uninstall process for all Computer Interface devices using old FTDI USB

driver versions. Note that the processmust be executed for both “USB Serial Converter A” and “USB

Serial Converter B” of every Computer Interface. Power-cycle each Computer Interface and repeat

the installation procedure as described above in Section 4.2.

4.3 LabVIEWRun Time Environment Installation

The LSProbe GUI requires an installed 32 bit LabVIEW 2012 Run Time Environment or 32 bit Lab-

VIEW 2012 Development System. If either software package is already installed on the host com-
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Figure 17:Uninstalling the FTDI USB driver

puter, no further steps are required. Otherwise the LabVIEW 2012 Run Time Environment needs

to be installed from an installation medium or via download from ❤tt♣✿✴✴✇✇✇✳♥✐✳❝♦♠✴❞♦✇♥❧♦❛❞✴

❧❛❜✈✐❡✇✲r✉♥✲t✐♠❡✲❡♥❣✐♥❡✲✷✵✶✷✴✸✹✸✸✴❡♥✴.

4.4 Updating the Computer Interface Firmware

Figure 18: Firmware update function of the LSProbe GUI

TheComputer Interface’s firmwaremay be updated using the LSProbe TCPServer andGUI. The TCP

Server executable incorporates the firmware image required for proper operation. Always ensure
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that the firmware version provided by the TCP Server matches the Computer Interface’s firmware

version. Both version numbers are displayed inside the LSProbe GUI’s “Connection” tab.

Follow the instructions below toupdate thefirmware of all connectedComputer Interfaces using the

LSProbe GUI:

1. Switch all Computer Interfaces (off and) on.

2. (Re-)Start the TCP Server.

3. (Re-)Start the LSProbe GUI.

4. Click the “Update Firmware” inside the “Connection’ tab.

5. Observe the update progress displayed by the TCP Server. The update process takes approxi-

mately oneminute per Computer Interface.

WARNING: Do not interrupt power supply or USB connection during firmware updates!

6. After completing the update all Computer Interfaces will perform a power-on reset and re-

sume normal operation.

A firmware update may also be initiated using SCPI commands. See the description of the »:SYS-

Tem:FWUPdate <FirmwareVersion>[,<MProbe>]« SCPI command for details.

If the firmware update does not complete successfully or is interrupted for any reason follow the

instructions below:

1. Switch all Computer Interface (off and) on.

2. Open a commandwindow.

3. Navigate to the install path of the TCP Server using “cd”.

4. Run “LSProbe_TCP_Server.exe -f” and observe the update progress displayed by the TCP

Server.

WARNING: Do not interrupt power supply or USB connection during firmware updates!

5. After completing the update the TCP Server start normally, using the updated firmware.

When encountering problems during the update of multiple Computer Interfaces, switch off or dis-

connect all but one Computer Interface and repeat the update for one Computer Interface at a time,

using one of themethods described above.
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5 Measuring E-Fields

5.1 Getting Ready toMeasure

5.1.1 MakingOptical Connections

If the optical fibers have already been installed make sure that there is no obvious damage to the

fibers and that there are no sharp bends or pinches. WARNING: Never switch the Computer Inter-

face on with no E-Field Probe being connected to it! For optical fiber installation follow the steps

below carefully for one optical fiber at a time, starting with the ST Data connector (black bend pro-

tection):

1. Remove the dust caps and place them in their respective holders.

2. Check the ceramic ferrules for apparent damage.

3. Always clean the fiber connectors before plugging! This is essential for preventing dust-

induced fiber burn-in. Use a lint-free tissue, wettedwith isopropyl alcohol (IPA) or a fiber optic

connector cleaner, and gently wipe the front surface of the ceramic ferrules.

4. Plug in the STData connector (black bend protection) and lock the bayonet nut connector.

5. Plug in the FC laser supply connector (red bend protection) and tighten its nut. Make sure that

the connectors key slides into the corresponding notch, Figure 19 for the correct alignment.

Figure 19: FC fiber connector alignment

When unplugging fiber optics, always place the supplied dust caps immediately on both the fiber

cable connectors and the optical ports of the Computer Interface. Purchasing a fiber optics cleaning

kit is strongly recommended.

If frequent plugging of the fiber optics is expected, purchasing a sacrificial optical cable assembly

is recommended (see Figure 20). The kit consists of two duplex fiber optic couplers and four short

duplex patch cables – two for immediate use and two spares. In case of a fiber connector burn-in the

sacrificial patch cables can be replaced quickly, without turning the system in for service.
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Figure 20: Sacrificial optical cable assembly

5.1.2 Making Electrical Connections

When installing the LUMILOOPLSProbe 1.2 E-Field Probe system for the first timemake the follow-

ing electrical connections:

1. Connect the suppliedmains adapter.

2. Connect the Computer Interface to the host computer using the supplied USB cable.

3. Connect theComputer Interface to any trigger sources or sinks via theBNC trigger connector.

Switch on the Computer Interface setting the front panel switch to “1” and observe the green power

LED starting to flash.

5.2 E-Field Probe Start-Up andMode Selection

5.2.1 Starting the LSProbe TCP Server

Carefully follow all instructions in the previous sections. Start the LSProbe TCP Server and ensure

correct operationbyverifying that the greenpower LED is constantly onand theLSProbeTCPServer

has enumerated all connected Computer Interfaces, listing their serial numbers similar to Figure 21.

The LSProbeTCPServerwill open inside a terminalwindowdisplaying status information, debugging

output and error messages.

Upon start-up the LSProbe TCP Server will display a tabular summary of available in-house and ex-

ternal calibration data. After Computer Interface enumeration the LSProbe TCP Server will list all

detected Computer Interfaces with their respective serial numbers and firmware revision numbers.

See Section 4.4 for a description of available firmware updatemethods.

If Computer Interfaces are added to or removed from the host computer after starting the LSProbe

TCP Server the server will detect the respective events and display an updated Computer Interface

overview table. Re-enumerationmay also be triggered by sending a »*RST« SCPI command.
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Figure 21: LSProbe TCP Server terminal window

Since the LSProbe TCPServer needs to open a TCPport, the system’s firewallmay ask for permission

for network access. Access must be granted to operate the LSProbe TCP Server (see Figure 22).

Figure 22:MicrosoftWindows Firewall requesting TCP port access permissions

5.2.2 General Notes on the LSProbe GUI

The LSProbe GUI is intended as an easy to use demonstration software for all LSProbe capabilities.

The LSProbe GUI is designed in such a way that it will not issue any configuration commands to the

LSProbe TCP Server unless the user changes a setting using one of the controls. This feature allows
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for running theLSProbeTCPServerwithany third-partyEMCsoftwareandobserveall E-FieldProbe

settings andmeasurement results. This feature is especially useful during third party EMC software

integration and function testing.

(a) Match (b) Mismatch

Figure 23: Frequency control for matching (a) and mismatching (b) TCP Server and GUI settings

When there is a mismatch between a setting of the LSProbe TCP Server and the expected setting of

the GUI, the text of the control element will turn red. Black control element text indicates that the

TCP Server’s settings are in syncwith theGUI. Figure 23 shows the behavior of theGUI formatching

andmismatching frequency andmode settings.

5.2.3 Enabling the Supply Laser Using the GUI

Upon start-up the LSProbe GUI will attempt to automatically connect to the TCP Server using the

configured host and port. Figure 24 shows the GUI upon start-up. The Computer Interface number,

LSProbe serial number and temperature of the selected Computer Interface will be displayed. The

“Probe SerNo” field will display “OFF-LINE” instead of the probe’s serial number if the E-Field Probe

connected to theComputer Interface is turned off. If noComputer Interfaces have been enumerated

by the LSProbe TCP Server the “CI SerNo” field will display “NONE”.

Clicking the “Enable Laser” button will activate the supply laser and set the E-Field Probe to the de-

sired mode of operation. The orange “Laser on” indicator LED will show the activity of the supply

laser. WARNING: When the orange LED is flashing, Automatic Power Reduction (APR) is disabled.

Interrupting optical connections is dangerous! The GUI’s “Laser Status” indicator will turn yellow

and display “Startup, Eye Safe OFF” to warn the user of this fact (see Figure 25).

As soon as both the orange “Laser on” indicator and the blue “Data Link” indicator are continuously

on Automatic Power Reduction is active and the laser connection is eye-safe. If any of the optical

fibers gets interrupted, the supply laser will be switched off within one millisecond and the GUI will

present the red indicator shown in Figure 25.

5.2.4 Mode Selection Using the GUI

For accurate E-field strength measurements the field’s frequency must be specified using the

“Freq./Hz” input field. Values are entered in Hertz, SI unit prefixes may be used, e.g. “1.8G” for

1.8GHz. The actual decimal separator is determined by the host computer’s system language. When

selecting amode via the buttons “0” through “7” the user must ensure that “Frequency/Hz” is appro-

priate for the selection. Frequency values outside a mode’s supported frequency range will not be
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Figure 24: LSProbe GUI Connection tab upon startup

Figure 25: LSProbe GUI laser indicator when off, during start-up, in safe operation and upon encountering

a time-out error
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accepted by the entry field. See Table 1 on page 17 for a list of supported modes, their frequency

ranges and sampling rates. Hovering the mouse pointer over any of the mode selection buttons of

the GUI will display a tool-tip containing a brief description of the mode. During startup the mode

buttons’ background will be colored yellow, stable operation in the selected mode is indicated by a

green background color.

5.2.5 Enabling the Supply Laser andMode Selection Using SCPI Commands

After establishing the TCP/IP connection the SCPI commands »:SYSTem:CISerial? [<MProbe>]«

and »:SYSTem:CISerial <Value>« can be used to query all enumerated Computer Interfaces and

set the serial number of the Computer Interface to be accessed. If only a single Computer Inter-

face is attached to the host computer it will be selected automatically and its serial number can

be queried using »:SYSTem:CISerial? [<MProbe>]«. »:SYSTem:CISerial? [<MProbe>]« and »:MEA-

Sure[:FProbe]:SERialnumber? [<MProbe>]« can be used with the MProbe parameter set to zero to

list all enumerated Computer Interfaces and their corresponding connected field probe numbers.

The desired mode of the selected E-Field Probe is set using »:SYSTem:MODe <Mode>[,<MProbe>]«

refer to Table 1 on page 17 for a list of valid modes. Set the operating frequency in Hz using »:SYS-

Tem:FREQuency <Frequency>[,<MProbe>]«, frequencies outside a mode’s supported frequency

rangewill be diverted to the nearest supported frequency. »:SYSTem:FREQuency? [<MProbe>]« can

be used to verify the frequency setting.

»:SYSTem:LASer:ENable <Value>[,<MProbe>]« is used to enable the supply laser. During start-up

the commands »:MEASure[:FProbe]:MODe? [<MProbe>]« and »:SYSTem:LASer:TOut? [<MProbe>]«

are used to poll the optical link status until either the requested mode has been set successfully or

a time-out condition and thus a faulty optical link has been detected. The E-Field Probe may take

several tens of seconds to successfully set a mode. »:SYSTem:MODe <Mode>[,<MProbe>]« may be

issued at any time to request a mode change in which case the described polling procedure needs to

be repeated. WARNING: As long as the requested mode has not been established and the orange

LED is flashing, Automatic Power Reduction (APR) is disabled. Interrupting optical connections is

dangerous!

5.3 Continuous E-FieldMeasurements

While the LSProbe E-Field Probe is capable of exceptionally high speedmeasurements it is also able

to perform high precision measurements of quasi-static electric fields. For continuous E-Field Mea-

surements the TCP Server receives all field strength values, applies calibration data and performs

low-pass filtering if configured accordingly. X-, y- and z-axis acceleration data is recorded and op-

tionally low-pass filtered as well. The acceleration values give an indicationwhich axis is pointing up,

when an antenna is pointing directly up a value of one gee is returned for the corresponding axis’

acceleration, minus one geewill be returnedwhen the antenna is pointing directly down.
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5.3.1 ContinuousMeasurements Using the GUI

As shown in Figure 26 continuous measurements are configured through the “Log” tab. E-field and

acceleration data is displayed both textually and graphically. Values are polled constantly, resulting

in an update rate in the order of 100 samples per second. The actual polling frequency depends on

the speed of the host computer and the speed of the network connection. The calibrated range of

field strength values is displayed textually below the x-, y-, z- and magnitude-value of the electric

field strength.

Figure 26: LSProbe GUI data logger view

“Graph Length” determines the maximum number of samples displayed in the plot at the bottom of

the window. It will show atmost this manymost recent values, older values will be discarded. To dis-

play the elapsed time instead of sample indexes for graphs’ x-axis and graph length select the “Dis-

play x-axis as time” check box. The plot can be paused using “Pause Graph” and cleared using the

“Clear” button. By way of the “Log” tab the logging of continuously polled values and of the Trigger,

Statistic, Multiprobe and Radar data can each be turned on and off. If enabled new arriving data of

the specific subsystem gets immediately written to a log file. The button “Quick Save” allows a short-

cut for the logging of the currently viewed data without previously having enabled the log feature.

The data gets logged to a file whose prefix is determined by the “File Prefix” text input field. Log

files are saved according to LSPROBE_SAVE_PATH. The E-Field Probe serial number, a date and time

string and a csv file suffix will be appended to each new log file. See Section 11.1.1 on page 138 for
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file format details.

Low pass filter settings are done through the “E LP-Filter” and “Accel. LP-Filter” numeric input fields.

A value of 0 disables low-pass filtering. A non-zero value sets the -3 dB cut-off frequency for the first

order low-pass filter used for E-field and acceleration values, for example 10Hz. When changing the

frequency theE-field low-pass filter output valuewill be updateddirectly, i.e. low-pass filtered values

will see a step response instead of a slewing of values.

The controls below the plot pane offer shortcuts for enabling and disabling automatic y-axis scaling,

logarithmic and linear display of the y-axis and choosing between sample index and time as the unit

for the graphs’ x-scale. The plot pane also supports adjusting the x- and y-axis by clicking the first or

last index of the axis labels and setting its value. Individual graphs can be disabled by unchecking the

graph labels at the bottom of the plot pane. Right-clicking the plot pane exposes a number of generic

function including data export to the host computer’s clip board.

5.3.2 ContinuousMeasurements Using SCPI Commands

After setting up mode and frequency as described in Section 5.2.5 the E-field low-pass filter fre-

quency is configured through »:MEASure[:FProbe]:Efield:LPFrequency <Frequency>[,<MProbe>]«.

A synchronized set of component values and magnitude can be queried through »:MEA-

Sure[:FProbe]:Efield:ALL? [<MProbe>]«, this is the recommended method ensuring that component

values andmagnitude have been acquired at the same time. E-field values canbequeried individually

through

• »:MEASure[:FProbe]:Efield:X? [<MProbe>]«,

• »:MEASure[:FProbe]:Efield:Y? [<MProbe>]«,

• »:MEASure[:FProbe]:Efield:Z? [<MProbe>]« and

• »:MEASure[:FProbe]:Efield:MAGnitude? [<MProbe>]«.

The acceleration low-pass filter frequency is configured through

»:MEASure[:FProbe]:ACCeleration:LPFrequency <Frequency>[,<MProbe>]«. Acceleration values

can be queried through

• »:MEASure[:FProbe]:ACCeleration:X? [<MProbe>]«,

• »:MEASure[:FProbe]:ACCeleration:Y? [<MProbe>]« and

• »:MEASure[:FProbe]:ACCeleration:Z? [<MProbe>]«.

5.4 Triggered E-FieldMeasurements

Triggered E-FieldMeasurements allow the user to take full advantage of the LSProbe E-Field Probe’s

exceptionally high speed measurements. Waveform acquisition can be triggered by software, using

an external trigger signal or edge-sensitive field strength triggering.
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5.4.1 TriggeredMeasurements Using the GUI

Figure 27 shows the LSProbe GUI in field scope mode which is entered by selecting the “Scope” tab.

In field scope mode the textual display shows the averaged field strength and acceleration values

for the displayed waveforms in addition to the calibrated range of field strength values displayed

textually below the x-, y-, z- andmagnitude-value of the electric field strength.

The “Trigger Source” drop-down box is used for selecting rising or falling edge external BNC, exter-

nal RJ45, x-, y- or z-axis E-field value triggering. For the latter the threshold value in V/m can be set

via “X/Y/Z Threshold”. Via “Mode” automatic free-running triggering, normal event-based triggering

and one-shot single triggering can be selected. “Trigger State” displays the condition of the trigger

system. The length of the acquired waveform is determined by the “Trigger Length” numeric input

field, setting the number of samples for each triggered waveform. “Trigger Begin” sets the start of

the saved waveform relative to the position of the trigger event. “Trigger Begin”, “Trigger Length”

and the graph’s x-axis can be displayed as time by selecting the “Display x-axis as time” checking box.

Time values are displayed according to the sampling rates in Table 1. The “Arm” and “Force” buttons

serve to prepare the trigger system and to force triggering regardless of actual trigger events. The

“BNCTriggerOutput” and “RJ45TriggerOutput” dropdownmenus areused to enable trigger output

via the Computer Interface’s BNC connector and “Ext1” RJ45 socket, and set their respective polari-

ties. Triggers can be output either when encountering a trigger event, including forced triggering, or

for synchronization triggering described in Section 10.6.38.

5.4.2 TriggeredMeasurements Using SCPI Commands

The state of the trigger system is queried using »:TRIGger:STATe? [<Timeout>,<MProbe>]«. Con-

figuring the triggered measurements must take place in IDLE state. Waveform querying must take

placewhen the trigger system is inDONE state. The SCPI commands »:TRIGger:CLear [<MProbe>]«,

»:TRIGger:ARM [<MProbe>]« and »:TRIGger:FORce [<MProbe>]« are used for directlymanipulating

the state of the trigger system. Figure 28 shows all valid trigger states and state transitions.

The trigger source and polarity are set using »:TRIGger:SOURce <Source>[,<MProbe>]« and »:TRIG-

ger:FALLing <0/1>[,<MProbe>]«. If field strength triggering is to be performed the trigger level is

set using »:TRIGger:LEVel <Level>[,<MProbe>]«. The trigger length is set using »:TRIGger:LENgth

<Length>[,<MProbe>]« and »:TRIGger:BEGin <Index>[,<MProbe>]«. The corresponding query com-

mands are »:TRIGger:LENgth? [<MProbe>]« and »:TRIGger:BEGin? [<MProbe>]«. Trigger output

is configured using :TRIGger:OUTput <0/1>[,<MProbe>], :TRIGger:INVert <0/1>[,<MProbe>] and

:TRIGger:SYNC <0/1>[,<MProbe>].

In DONE state the waveform values can be queried using the commands

• »:TRIGger[:WAVeform]:Efield:X? [<MProbe>]«,

• »:TRIGger[:WAVeform]:Efield:Y? [<MProbe>]«,

• »:TRIGger[:WAVeform]:Efield:Z? [<MProbe>]« and

• »:TRIGger[:WAVeform]:Efield:MAGnitude? [<MProbe>]«.
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Figure 27: LSProbe GUI, Scope tab
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Figure 28: Trigger system states and state transitions
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Average waveform values can be queried using »:TRIGger[:WAVeform]:Efield:ALL? [<MProbe>]«. If

fast and efficient waveform readout is required the binary waveform readout command »:TRIG-

ger[:WAVeform]:Efield:BINary? [<MProbe>]« can be used.

5.4.3 Triggered Radar PulseMeasurements Using the GUI

LSProbe is able to scan a trigger frame for pulses and find their positions and field strengths. Inmode

0 and 2 pulses above a specified threshold can be detected if they are longer than 2 µs and at least

2 µs apart. Inmode 4 and 6 pulses above a specified threshold can be detected if they are longer than

0.5 µs and at least 0.5 µs apart. Pulsemeasurements inmode 1, 3, 5 and 7 are not recommended due

to their lower video bandwiths.

For pulses containing one or two samples the pulse’s field strength is defined as the larger of the two

field strength values. For pulses containing at least three samples the pulse’s field strength is defined

as the arithmetic mean of all but the first and last sample value of the pulse, Figure 29 denotes these

samples using squares.

Pulses starting before the beginning or end of awaveform in anymode and pulses starting before the

beginning of frames in mode 4, 5, 6 and 7 will only be detected if they contain at least two samples.

The last sample of the pulse is always discarded and the pulse’s field strength in this special case is

defined as the arithmeticmean of all preceding field strength values. Pulses ending after the end of a

waveform or frame are handled in the same way, discarding the pulse’s first sample value instead of

the pulse’s last sample value.
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Figure 29: Principle of radar pulse detection

In order to enable pulse detection and evaluation within the LSProbe GUI select the “Radar” tab and

enable “Enable Radar” as shown in Figure 30. Both averaged and per-pulse maximum field strength

Page 38/163 2017/08/17



LSProbe 1.2 User’sManual

values are displayed for x, y, z and magnitude. Averaged values are shown on top, the start index of

individual pulses and their maximum field strength value are displayed below. If no pulses are de-

tected the averaged E-field valueswill display “NaN”. The sample index is given relative to the trigger

position and represents the first sample exceeding the given threshold. The “Index” input field can

be used to step through individual pulses, the first value has an index of zero. An invalid index will

display “NaN” for sample index and field strength. By selecting the “Display x-axis as time” check box

the “Index” values of pulses and x-axis labels of the waveform graph will be displayed in seconds. If

the radar subsystem is turned off the “Pulses” field will be set to zero and all other fields get cleared.

Figure 30: LSProbe GUI, Radar tab

The “Arm” and “Force” buttons are duplicated from the “Scope” tab to enable waveform acquisition

without switching to the “Scope” tab. All trigger settings are performed via the “Scope” tab. Pulse

evaluation is performed for the latest trigger frame andwith every change in the threshold value .

The same threshold value is used for all E-field components and magnitude values, it is set via the

“Threshold” input field. If set to zero the arithmetic mean ofmaximum andminimumfield strength is

used as a threshold. Bothminimumandmaximumfield strength value are accessible via the statistics

subsystem, see Section 5.5. A value other than zero sets the threshold value in V/m. Figure 29 shows

the relationship of trigger frame values, pulse indices and pulse values.

The number of detected pulses can differ for each axis and magnitude values, the numeric fields

“Pulses” give the number of pulses found for each axis and themagnitude values.
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5.4.4 Triggered Radar PulseMeasurements Using SCPI Commands

See Section10page78 for details regarding triggered value acquisition. Pulse detection requires the

trigger system to be in DONE state. Pairs of sample index and maximum pulse field strength values

can be obtained through the »:TRIGger[:WAVeform]:RADar:X? [<Threshold>][,<MProbe>]«,

»:TRIGger[:WAVeform]:RADar:Y? [<Threshold>][,<MProbe>]«, »:TRIGger[:WAVeform]:RADar:Z?

[<Threshold>][,<MProbe>]« and

»:TRIGger[:WAVeform]:RADar:MAGnitude? [<Threshold>][,<MProbe>]« commands. Averaged

maximum pulse field strength values can be queried using

»:TRIGger[:WAVeform]:RADar:ALL? [<Threshold>][,<MProbe>]«. All commands accept an optional

parameter specifying the threshold field strength value if the parameter is absent a threshold of 50%

will be used. For a single triggered event the data evaluation can be performedwith different thresh-

old values, as long as no new trigger event is prompted and the trigger state remains DONE.

5.5 E-Field Statistics

Two types of E-Field statistics are available for the LUMILOOP LSProbe 1.2 E-Field Probe, continu-

ous E-field statistics as described in Section 5.5.1 and triggered E-field statistics based on acquired

waveforms as described in Section 5.5.3. Continuous E-Field statistics evaluate all measured E-field

values between enabling statistics and statistics snapshot creation. Continuous E-Field statistics are

collected in the background and can be performed over arbitrary periods of time. Triggered E-Field

statistics evaluate only E-field values of a single recorded set of waveforms. All SCPI commands of

the statistics subsystem are applicable to both continuously and triggered E-field values.

5.5.1 Continuous E-Field Statistics using the GUI

All statistics functions are controlled via the the “Stats” tab of the LSProbe GUI, see Figure 31. See

section 5.5 for an explanation of the operating principle.

As explained in Section 3.2 continuous E-Field statistics use a physical connection for enabling statis-

tics collection and snapshot creation. Consequently, onemaster Computer Interfacemust be set for

continuous E-field statistics. This also applies to single probe systemswhere theComputer Interface

must always be configured to be the master Computer Interface. By default the first enumerated

Computer Interface will be configured as the statistics master, all others will be configured as statis-

tics slaves. A different Computer Interface may be configured as the statistics master via the “Stats

Master” drop-down list.

In order to enable continuous E-Field statistics in the LSProbe GUI select “Continuous” from the

“Mode” drop-down list, this will enable additional controls for continuous E-Field statistics.

The “Stat. Enable” button is used to enable and disable continuous E-field statistics collection via the

statistics master Computer Interface. Continuous statistics data can be viewed in the form of statis-

tics snapshots as described in Section 5.5. A statistics snapshot can be created manually by clicking
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Figure 31: LSProbe GUI, Statistics tab
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on the “Snap” button. A statistics snapshot will also be created when statistics collection is disabled

via the “Stat. Enable” botton. Automatic statistics snapshot creation is enabled via the “Auto Snap”

button, making the GUI trigger a new statistics snapshot after each update of the statistics display.

The total number of samples used for the most recent statistics snapshot is displayed in the “Sam-

ple Count” display field. For Multiprobe systems this number may vary slightly due to minimally dif-

ferent local clock frequencies of each E-field probe.

All output is based on the most recent statistics snapshot. See the SCPI command reference in Sec-

tion 10 for a detailed description of scalar and histogram-like statistics values.

The table displayed in the “Stats” tab lists all scalar statistics values for the currently selected com-

bination of Computer Interface and E-Field Probe. Maximum,minimum, arithmeticmean, rootmean

square and standard deviation are displayed for the x-, y- and z-components of the E-field and its

magnitude.

Histogram-like statistics are selected via the “Function” drop-down list. Available choices are his-

togram, discrete relative probability distribution, discrete cumulative probability distribution and

discrete complementary cumulative probability distribution.

Histogram-like statistics are displayed in the main plot area. The style of the displayed graphs is ad-

justable via the “Point Style” checkbox below the plot area. If selected, dashes stretching each E-field

strength bin will be displayed, otherwise one point will be plotted for every E-field strength bin.

The E-field strength resolution in dB can be set via the “Resolution” input field, determining the size

of the E-field strength bins. Its smallest permissible value, yielding the maximum E-field strength

resolution, is 0.005V/m. The number of bins resulting from the set E-field strength resolution and

E-field strength distribution is shown in the “#Bins” display field.

5.5.2 Continuous E-Field Statistics using SCPI Commands

Continuous statistics and triggered statistics are accessible using a common set of SCPI commands.

An SCPI command’s function is determined by the parameter Triggered. If set to 0 an SCPI command

applies to continuous statistics, if set to 1 an SCPI command applies to triggered statistics. In most

cases the parameter Triggered is optional, making the SCPI command default to continuous statis-

tics.

The continuous statistics master Computer Interface is set by selecting it using »:SYSTem:CISerial

<Value>« followed by setting its master status to one using »:STATistics:MAster <State>«. The mas-

ter/slave status of anyComputer Interfacemay be queried using »:STATistics:MAster? [<MProbe>]«.

Continuous E-field statistics collection is started by issuing »:STATistics:ENable

<State>[,<MProbe>]« with the parameter State set to one to the statistics master Computer

Interface. Statistics snapshots will be generated on receiving either »:STATistics:SNAPshot [<Trig-

gered>][,<MProbe>]« or »:STATistics:ENable <State>[,<MProbe>]« with the parameter State set

to zero. The snapshot counter will be incremented by one for every new snapshot, the counter(s)

can be queried using »:STATistics:COUnt? [<MProbe>]«. Using this query enables snapshot
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synchronization since snapshot query and execution are inherently asynchronous for continuous

E-field statistics. Enabling continuous statistics will reset the snapshot counter to zero. »:STATis-

tics:SAMples? [<Triggered>][,<MProbe>]« returns the number of samples used for the most recent

statistics snapshot.

Scalar statistics values can be read using the commands described in Sections 10.7.12 through

10.7.36. Histogram-like statistics values are returned by the commands described in Sec-

tions 10.7.38 through 10.7.53.

The resolution for histogram-like values is set using »:STATistics:RESolution <Resolu-

tion>[,<MProbe>]«. The resulting number of bins, the offset of the bin with the smallest E-field

strength and the center field strength of each bin can be queried via »:STATistics:HISTogram:SIZe?

[<Triggered>][,<MProbe>]«, »:STATistics:HISTogram:OFFset? [<Triggered>][,<MProbe>]« and

»:STATistics:Efield? [<Triggered>][,<MProbe>]« respectively. All statistics values are also available

in binary format, see »:STATistics:BINary? [<Triggered>][,<MProbe>]« for details.

5.5.3 Triggered E-Field Statistics using the GUI

Continuous E-Field statistics use waveform data for building the scalar and histogram-like values

discussed in the previous section. See Section 5.4 for a description of waveform acquisition. Trig-

gerd E-Field Statistics do not rely on the physical connections required for continuous E-field statis-

tics. For Triggerd E-Field Statistics there is no statistics master, no statistics enable function and no

hardware-based snapshot feature.

In order to access triggered E-Field statistics in the LSProbe GUI select “Triggered” from the “Mode”

drop-down list, this will enable additional controls for triggered E-Field statistics.

A statistics snapshot based on the most recently acquired waveforms can be created manually by

clicking on the “Snap” button. Automatic statistics snapshot creation is enabled via the “Auto Snap”

button, making the GUI take a new triggered snapshot upon receiving a new E-field value waveform.

The “Arm” and “Force” buttons are provided for ease of use and are identical in function to the but-

tons described in Section 5.4.

Triggered Statistics data is viewed in the form of statistics snapshots as described in Section 5.5. All

scalar and histogram-like values are controlled and displayed as described in the previous sections.

When displaying triggered statistics data the “Function” drop-down list may additionally be set to

“Scope” for more convenient viewing of scalar statistics values and triggeredwaveforms at the same

time.

5.5.4 Triggered E-Field Statistics using SCPI Commands

Triggered statistics SCPI commands require the parameter Triggered to be set to 1 for all related

SCPI commands. Statistical evaluation requires a valid set of triggered waveforms, see Section 5.4.2

for details about waveform acquisition.
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Snapshot histograms are generated using »:STATistics:SNAPshot [<Triggered>][,<MProbe>]«. There

is no trigger snapshot counter. Instead, triggered snapshot generation is performed synchronously

making statistics values available immediately after issuing the SCPI snapshot command.

Scalar and histogram-like statistics values can be obtained using the same SCPI commands as de-

scribed in Section with the parameter Triggered set to 1 at all times.

5.6 Multiprobe Systems Using the GUI

Ifmore thanoneComputer Interface have been enumerated by the LSProbeTCPServer the LSProbe

GUI will display a drop-down list and “ALL” button in the upper left corner of the LSProbe GUI as

shown in Figure 32. The drop-down list contains Computer Interface serial numbers and associated

E-Field Probe serial numbers or “OFF” if the probes are not turned on, separated by “|”. Changing the

selected value of the drop-down list will display measurement values and settings for the selected

Computer Interface/E-Field Probe. The “ALL” button determines whether settings will be applied to

the selected Computer Interface/E-Field Probe only or to all Computer Interfaces/E-Field Probes at

the same time.

For Multiprobe setups the statistics SCPI command subsystem is used to calculate statistics values

as described in the previous sections. The GUI offers six predefined ISO standard setups for the

demonstration of Multiprobe functionality. These six setups are accomplished by defining special

cases of amore generalizedMultiprobe systemusing theMultiprobeSCPI command subsystem. This

subsystem is also employed for calculating statistics basedon the statistics ofmultiple E-field probes.

Multiprobe statistics can be calculated from continuous and triggered E-field statistics in the same

manner as all other statistics values.

Accordingly, the GUI mirrors functionality of the “Stats” tab in the “MProbe” tab, see Figure 32.

The selection ring “Stats Master”, the drop-down list “Mode”, the buttons “Stat. Enable”, “Auto Snap”,

“Arm”, “Force” and “Snap” have the same function as described in Section 5.5.1 and are not detailed in

this section.

5.6.1 Single and Three Probe Setups According to ISO 11451-2

In accordancewith the ISO standard the arithmeticmeanof theE-field strengthmagnitude at a given

reference point is calculated over a user defined period of time. Two control probesmay be included

in the system, thus extending the single probe setup to form a three probe setup, see Figure 33.

In the “Stats” tab set the “Function” dropdown list to “1-Probe System, ISO 11451-2” or “3-Probe

System, ISO 11451-2”. Select the probe numbers to be used in the Multiprobe setup using the se-

lection rings “Probe 1” and optionally “Control Probe 1/2”. Changing these settings will reconfigure

the Multiprobe setup immediately. Use the “Save” button to save a Multiprobe setup to file and the

“Load” button to restore aMultiprobe setup from file.

Multiprobe results are displayed in the bottom pane normally used for waveforms. The left-hand

side gives access to individual probes’ minimum, maximum, arithmetic mean, root mean square and
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Figure 32: LSProbe GUI, Multiprobe tab
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Figure 33: LSProbe GUI, Multiprobe tab for three probe setups
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standard deviation values for x-, y-, z-axis E-field strength and E-field strength magnitude. The Mul-

tiprobe results for the reference point and the control probes are shown in on the right-hand side

of the bottom pane. The values give the arithmetic mean of the E-field strength magnitude for the

reference point and the the optional two control probes.

5.6.2 Four and Six Probe Setups According to ISO 11451-2

Four and six probe setups are configured and evaluated almost identically to the single and three

probe setups described in Section 5.6.1. Instead of a single probe located at the reference point four

probes are placed on a reference line. Consequently there are statistics values for four or six E-field

probes and one or threeMultiprobe statistics values as described in the previous section.

5.6.3 Eight Probe Setups According to ISO 11452-11

Eight probe setups define a probe for the corners of a cube, this is also approximated in the layout

of the GUI, see Figure34. Scalar statistics values for each probe are displayed on the left-hand side

of the bottom pane in the same fashion as described in Sections 5.6.1 and 5.6.2. All other controls

operate in the sameway as described in the previous sections.

Figure 34: LSProbe GUI, Multiprobe tab for eight probe setups
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Multiprobe Statistics for eight probe setups consist of the arithmetic mean, standard deviation and

standard deviation in dB for the maximum field strength values of the x-, y-, z- axis, evaluated both

separately and jointly. This result is displayed on the right-hand side of the bottom pane.

5.6.4 Field HomogeneityMeasurements According to IEC 61000-4-3

For measurements according to IEC 61000-4-3 a total of 48 points are evaluated, this is shown in

Figure 35. An eight probe setup can be used to reduce the number of measurement steps to six,

down from 48 measurement steps. The positions of the eight probes measured in parallel for each

step are setup in the sameway as described in Sections 5.6.1, 5.6.2 and 5.6.3.

Figure 35: LSProbe GUI, Multiprobe tab for field homogeneity measurements

The left-hand side of the bottom pane is identical to the eight probe setup in section 5.6.3.

TheMultiprobe result displays a table andassociatedheatmapof48x-, y-, z-axis orE-fieldmagnitude

values for minimum, maximum, arithmetic mean, root mean square and standard deviation values

for each probe in the 48 probe setup. Values are copied from the eight probe into the right-hand side

table by using the “Apply” buttons. The time of applicationwill be displayed in the text fields “Time 1”

through “Time 6”. Using the “Quick Save” button while displaying the 48 probe display will output a

csv file containing the statistics summary for measured points, see also Section 11.1.6.
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5.6.5 Multiprobe Setups Using SCPI Commands

Multiprobe setups can be defined by specifying a list of E-Field Probe serial numbers using

»:MProbe:FPSerial <MProbe>,<Probe1>[,<Probe2>,...,<ProbeN>]« or by giving a list of Computer

Interface serial numbers using »:MProbe:CISerial <MProbe>,<Ci1>[,<Ci2>,...,<CiN>]«. Multiprobe

setup definition by E-Field Probe serial numbers requires the respective E-Field Probes to be active,

definition by Computer Interface serial numbers only requires the specified Computer Interfaces to

be enumerated by the TCP Server.

Multiprobe setupsmay contain anynumber offield probes andmay contain individual E-FieldProbes

multiple times, this is especially useful for testing Multiprobe setup with fewer E-Field Probes than

required. The MProbe parameter may be set to any integer value greater than zero and serves as

a unique Multiprobe setup identifier. Multiprobe setups can be queried using »:MProbe:FPSerial?

<MProbe>« and »:MProbe:CISerial? <MProbe>«.

Statistics data coveringmore than one E-Field Probe is calculated using the »:MProbe:AMAGnitude?

<Triggered>,<MProbe>[,<RProbe>]« and »:MProbe:MAXStatistics? <Triggered>,<MProbe>«.

»:MProbe:AMAGnitude? <Triggered>,<MProbe>[,<RProbe>]« returns the averaged E-field mag-

nitudes of a Multiprobe setup. »:MProbe:MAXStatistics? <Triggered>,<MProbe>« returns the

E-field maximum values of a Multiprobe system, including arithmetic mean, standard deviation and

standard deviation expressed in Decibels.

5.7 StreamRecording

5.7.1 StreamRecording Using the GUI

To configure and perform stream recordings select the “Stream” tab of the LSProbe GUI, as depicted

in Figure 36.

If synchronization between multiple Computer Interfaces is required, make sure to connect the ap-

propriate signal lines. Set the synchronization Computer Interface using the “StreamMaster” drop-

down list, the setting defaults to the first enumerated Computer Interface.

The number of samples to be recorded and the number of E-field values to be skipped after every

recorded sample are set via the “StreamLength” and “Stream Skip Count” numeric input fields. Make

sure to enable the “ALL” button when usingmultiple Computer Interfaces.

The synchronization source can be selected via the “Stream Sync” drop-down list. The stream file

prefix is set via the “Stream Prefix” input field. The number of samples recorded during a stream

recording session is displayed in the “StreamProgess” field. If the “Stream Length” input field is set

to a non-zero value pressing the “Stream Enable” button will initiate the recording of the set num-

ber of samples. A stream recordingmay be terminated via the “StreamEnable” button before the set

number of samples has been reached. If the “Stream Length” input field is set to zero stream recod-

ing must be terminated manually via the “Stream Enable” button. Manual termination of a stream

recording can lead to stream files containing a disparate number of samples.
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Figure 36: LSProbe GUI, Stream tab for stream recording
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5.7.2 StreamRecording Using SCPI Commands

Stream synchronization can be configured using the :STReam:SYNC <Sync>[,<MProbe>] SCPI com-

mand. When synchronization is enabled the stream master Computer Interface can be changed by

setting the prior master CI to slave, selecting the new CI and setting to stream master using the

:STReam:MAster <State> and :SYSTem:CISerial <Value> commands.

To set the maximum number of samples to be recorded use the :STReam:LENgth

<Length>[,<MProbe>] command. If set to a non-zero number stream recording will terminate

automatically after reaching themaximum number of samples.

The streamdata rate can be reduced using the :STReam:SKIp? [<MProbe>] command, specifying the

number skipped samples following each stored sample. The :STReam:PREfix <String>[,<MProbe>]

command can be used to change the stream files’ prefix string.

Stream recording is initiated and terminated using the :STReam:ENable <State>[,<MProbe>]. The

progress of stream recording can be monitored using the :STReam:PROgress? [<MProbe>] com-

mand.

5.7.3 Shutting DownUsing the LSProbe GUI

Click on the “Disable Laser” button to disable the supply laser. The orange “Laser on” and blue

“Data Link” indicators will turn off. Close the LSProbe GUI window and shut down the TCP Server

by typing Ctrl-C in the server window. The green “Power” indicator will change from constant on to

flashing. After this set the power switch toOFF.

5.7.4 Shutting DownUsing SCPI Commands

The supply laser is turned off using the »:SYSTem:LASer:ENable <Value>[,<MProbe>]« command

with “0” as value. Terminate the TCP session and close the TCP server as described above.

5.8 Saving Log Files using the GUI

The “Log” tab contains controls for the file name prefix of LSProbe GUI log files, controlling both

one-shot and continuous logging, see Figure 37. Separate log files are created for the “Data Log-

ger”, “Scope”, “Radar”, “Statistics” and “Multiprobe” tabs. One-shot log files are created using the

“Quick Save” button in the lower left corner of theGUIwindow. The “Quick Save” buttonwill create a

new log file for the currently active tab of the LSProbe GUI. Continuous logging is enabled using the

buttons next to the file name prefix. Continuous logging will add new data to the respective log file

as soon as it becomes available.

Log files are stored in the path specified by the environment variable ▲❙P❘❖❇❊❴❙❆❱❊❴P❆❚❍, the path

is displayed in the lower right corner of theGUIwindow. Logfile names consist of thefile nameprefix

extended by serial number and a timestamp as detailed in Section 11.
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Logging of RSSI values, i.e. raw ADC sample values, for x-, y-, and z-axis can be enabled by selecting

the “include RSSI” check box. The feature is available for “Basic Log” and “Scope Log” files.

Figure 37: LSProbe GUI, Data Logger tab
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6 Third Party EMC Software

This section describes the setup of the LSProbe1.2 E-Field Probe in third party EMC test automation

software. Thirdparty supportfiles are installed in separatedirectories of the❧✐❜ sub-directoryof the

LSProbe 1.2 install path.

Before running any third party EMC test automation software follow the hardware setup instruc-

tions detailed in Section 5.1 on page 28 and start the TCP Server as described in Section 5.2.1 on

page 29.

The LSProbe GUI is not required when using third party EMC test automation software. However,

the LSProbe GUI may be run in parallel as long as it is used solely for monitoring and no settings are

changed using the LSProbe GUI, i.e. the user must not modify any LSProbe GUI controls, e.g. mode,

frequency, low-pass filter frequency, etc. The LSProbe GUI is designed in such a way that it will not

apply any settings on its own.

6.1 EMC32

LUMILOOP recommends using the most recent version of the R&S EMC32 measurement software

since EMC32 integration is always tested against the most recent EMC32 release. The LSProbe 1.2

E-Field Probe is supported by EMC32 version 10.0 and later. Systems delivered before February

2017 do not support operation in mode 1 and require setting up two separate E-field probes for the

low band and the high band. Newer systems may also use mode 1 and thus require only a single E-

field probe entry.

If the EMC32 installation does not already contain the following files copy the dynamic link li-

brary (DLL) ❋♣●❡♥❡r✐❝✳❞❧❧ from the ❊▼❈✸✷✲✶✵✳✷ sub-directory of the LSProbe installation path’s

❧✐❜ directory to the EMC32 installation path’s ❊①❡❝✉t❡❭❉❡✈✐❝❡s sub-directoy. A typical location is

❈✿❭Pr♦❣r❛♠ ❋✐❧❡s❭❘♦❤❞❡✲❙❝❤✇❛r③❭❊▼❈✸✷❭❊①❡❝✉t❡❭❉❡✈✐❝❡s. Also, copy all device configuration

files ending in ❉❡✈✐❝❡❈♦♥❢✐❣✉r❛t✐♦♥ from the ❊▼❈✸✷✲✶✵✳✷ sub-directory of the LSProbe installation

path’s ❧✐❜ directory to the EMC32 program data path’s ❈♦♥❢✐❣✉r❛t✐♦♥❭❖t❤❡rs sub-directoy, a typ-

ical location is ❈✿❭Pr♦❣r❛♠❉❛t❛❭❊▼❈✸✷❭❈♦♥❢✐❣✉r❛t✐♦♥❭❖t❤❡rs.

6.1.1 CWfields

To set up the LSProbe 1.2 E-Field Probe in EMC32 run the TCP Server as described in Sections 5.1

and 5.2.1, then start EMC32.

Open the EMC32 Device List via “Extras→Device List” in the menu bar as shown in Figure 38(a). In
the “Device List” window select “Generic Field Probe” from the “Devices:” list’s “FieldProbes” cat-

egory and create a new “Configured Device” by clicking on the right-pointing arrow in the center

as shown in Figure 38(b). This will create a new entry named “Generic Field Probe”. Click the right-

pointing arrowagain to add a second “Generic Field Probe” entry. Onefield probewill be used for low

band E-fields from 10kHz to 400MHz. The other will be used for high band E-fields from 30MHz to
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6GHz. Rename the first “Generic Field Probe” entry to “LSProbe 1.2 High Band” and the second en-

try to “LSProbe 1.2 LowBand”, use “right-click→Rename” as shown in Figure 38(c). For E-field probes
delivered after February 2017 add a third entry named “LSProbe 1.2Wide Band”.

(a) Opening the Device List (b) Adding Generic Field Probes (c) Renaming Field Probes

Figure 38: Adding the LSProbe 1.2 E-Field Probe in EMC32

Use “right-click→Edit” to open the Generic Field Probe’s settings. In the “General” tab shown
in Figure 39(a) edit “VISA Device Identifier” to configure the IP address and TCP port of

the LSProbe TCP Server. The identifier string has the generalized format “TCPIP0::<IP ad-

dress>::<TCP Port>::SOCKET”. Usually the LSProbe TCP Server is run on the same computer

and listening to the default TCP port 10,000. Consequently, the default identifier string is

“TCPIP0::127.0.0.1::10000::SOCKET”. All other settings in the “General” tab are optional and may

be left unchanged.

Select the “Properties” tab shown in Figure 39(a) through (c), edit all parameters as

detailed in Table 2. Select the appropriate file for “Configuration File” located in

✳✳✳❭Pr♦❣r❛♠❉❛t❛❭❊▼❈✸✷❭❈♦♥❢✐❣✉r❛t✐♦♥❭❖t❤❡rs. The settling time of 200ms is chosen in

such a way that it guarantees settling of the field strength values with a margin of less than one

percent when used with the supplied ✳❉❡✈✐❝❡❈♦♥❢✐❣✉r❛t✐♦♥ files. The low pass filter value in

the ✳❉❡✈✐❝❡❈♦♥❢✐❣✉r❛t✐♦♥ files can be adjusted by the user to accommodate longer or shorter

settling times. LSProbe does not require any correction files to be set as all correction is handled

transparently by the LSProbe TCP Server. Make sure all correction values are set to “<none>”. Click

“OK” when you are done.

To finish the setup restart EMC32 and open the EMC32 Device List via “Extras→Device List”. Use
“right-click→Edit” for the “LSProbe 1.2” entry appropriate for the measurement task and change
“State” from “Virtual” to “Physical”. This will prompt EMC32 to connect to the LSProbe TCP Server,

enable the supply laser and set the appropriatemode. After establishing the correctmode the “Serial

number” value turns blue, this is also indicated by the Computer Interface’s LEDs as detailed in Sec-

tion 3.1.2. Only one “LSProbe 1.2” entry may be set to “Physical” at a time, when changing from Low

Band to High Band or vice-versa set the “Physical” device to “Virtual” first and set the other device

to “Physical” after that.
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(a) General Settings (b) Wide Band Properties

(c) Low Band Properties (d) High Band Properties

Figure 39: Configuring LSProbe 1.2 E-Field Probes forWide, Low and High Band in EMC32

Table 2: EMC32 Property tab values for Low and High Band

Setting Wide Band LowBand High Band

Min. Frequency 10.000 kHz 10.000 kHz 30.000MHz

Max. Frequency 6.000GHz 400.000MHz 6.000GHz

Level Unit V/m V/m V/m

Overload Level 1000 1000 1000

Noise Level 0.1 0.1 0.1

Settling Time 0.2 0.2 0.2

Do Probe Zeroing unchecked unchecked unchecked

Configuration File
Mode1.Device-
Configuration

Mode3.Device-
Configuration

Mode0.Device-
Configuration

Correction Settings <none> <none> <none>
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6.1.2 Pulsed fields

For pulsed field strength measurements add two more generic field probe entries to the EMC32

Device List, following the steps described in Section 6.1.1. Rename the two entries to “LSProbe

1.2 Pulse Continuous” and “LSProbe 1.2 Pulse Burst”. Use the high band settings from Table 2

for both entries. Substitute “Mode0.Device-Configuration” for “LSProbe_1v2_Mode0_Radar” and

“LSProbe_1v2_Mode4_Radar_Burst” respectively. Mode 0 corresponds to the entry “LSProbe 1.2

Pulse Continuous” and mode 4 corresponds to the entry “LSProbe 1.2 Pulse Burst” as shown in Fig-

ure 40.

The default setting of both device configuration files is suitable for the GMW-3097 standard. It will

use the x-axis field strength for triggering at 10V/m, record 100,000 samples and retrieve the av-

eraged pulse field strength magnitude and x-, y- and z-axis values. The trigger parameters can be

modified by editing the respective device configuration files in lines 49 through 53. See Section 5.4.4

for more information about the trigger subsystem’s SCPI commands.

(a) Mode 0 Pulse (Continuous) (b) Mode 4 Pulse (Burst)

Figure 40: Configuring LSProbe 1.2 E-Field Probes for pulse measurements in EMC32

6.2 BAT-EMC

The BAT-EMC test automation software supports CW and pulsed E-field measurements. BAT-EMC

requires a DLL file, make sure that “FieldP_Lumliloop_LS12.dll” is present in the BAT-EMC directory

“.../BAT-EMC/BAT-EMS”.

Please import the provided E-field Fieldmeter equipmentmodels listed in Table 3 by right-clicking on

“Fieldmeter” inside the “Equipment” tree structure as shown in Figure 41.

If the IP address and/or the port number of the LSProbe connection differ from the default values

of localhost and port 10,000 go to the “Equipment” subsection and change the “Address” input field

appropriately, see also Figure 41.

BAT-EMC requires the LSProbe 1.2 Field Probe to be enabled and configured before performing

measurements. Before startingBAT-EMCstart the LSProbeTCPServer and optionally LSProbeGUI,
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Figure 41: BAT-EMC Equipment editor, network configuration
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Table 3: BAT-EMC equipment model files for CW and pulsed fields

CW Pulsed

LSProbe_1.2_CW.xml LSProbe_1.2_Pulse.xml

LSProbe_1.2_CWX.xml LSProbe_1.2_PulseX.xml

LSProbe_1.2_CWY.xml LSProbe_1.2_PulseY.xml

LSProbe_1.2_CWZ.xml LSProbe_1.2_PulseZ.xml

enable the supply laser, and set the desired field probe mode as described in Sections 5.2.1 through

5.2.5.

6.2.1 CWE-fieldmeasurements

The Fieldmeter model “LSProbe_1.2_CW” handles all communication including checking the supply

laser’s status, setting/checking theoperating frequencyaswell as retrieving isotropic, x-, y- andz-axis

field strength values. The Fieldmeter returns the isotropic field strength value and stores the field

strengthof the individual axes in the global variables named “AX”, “AY” and “AZ”. The threeFieldmeter

models “LSProbe_1.2_CW[X/Y/Z]” retrieve the global variables and return the respective axis’ field

strength values. Whenmeasuring x-, y- and z-axis field strengths the “LSProbe_1.2_CW” Fieldmeter

model must be called first.

6.2.2 Pulsed E-fieldmeasurements

The Fieldmeter model “LSProbe_1.2_Pulse” handles all communication including checking the sup-

ply laser’s status, setting/checking the operating frequency as well as retrieving isotropic, x-, y- and

z-axis field strength values. Additionally, the Fieldmeter model includes commands for trigger sub-

system configuration, trigger detection and radar pulse property retrieval. The Fieldmeter returns

the isotropic field strength value and stores the field strength of the individual axes using global

variables named “AX”, “AY” and “AZ”. The three Fieldmeter models “LSProbe_1.2_Pulse[X/Y/Z]” read

these global variables and return the respective axis’ field strength values. When measuring x-, y-

and z-axis field strengths the “LSProbe_1.2_CW” Fieldmeter model must be called first.

The trigger subsystem’s configuration can be modified via the Fieldmeter model’s “Initialize” script,

the relevant commands are shown inside the red frame in Figure 42(b). See Section 5.4.4 for more

information about the trigger subsystem’s SCPI commands.

Figure 43 shows the “Measure level” script of the “LSProbe_1.2_Pulse” Fieldmeter model. Every call

to the “Measure level” script arms the trigger subsystem, waits for the trigger subsystem to acquire

a waveform, checks the number of pulses and queries the averaged pulsed field strengths.

Thedefault setting of the “LSProbe_1.2_Pulse” Fieldmetermodel is suitable for theGMW-3097 stan-

dard. It will record 100,000 samples (see the trigger length setting in Figure 42(b)), verify that there
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(a) LSProbe_1.2_CW Initalize script (b) LSProbe_1.2_Pulse Initalize script

Figure 42: Configuring the Initialize scripts for LSProbe 1.2 CW and pulse measurements in BAT-EMC

Figure 43: Addressing a specific Computer Interface using BAT-EMC
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are a total of 50 pulses (see the topmost red frame in Figure 43) and retrieve the averaged pulse

field strength magnitude and x-, y- and z-axis values. The trigger source, trigger length and expected

pulse count can be modified by editing the respective scripts. Pulse count checking can be disabled

by unchecking all boxes in the two lower red frames in Figure 43.

If more than one Computer Interface are attached to the host computer set the variable CI in Fig-

ure 42 to a value other than zero. Doing so will enable the setting and verification of the Computer

Interface’s serial number. The Figure demonstrates setting the Computer Interface serial number to

10, the serial numbermust be changed tomatch the desiredComputer Interface’s serial number. The

variable is available for both CWand pulsed Fieldmeter models.

For monitoring multiple Computer Interfaces in parallel create a copy of all Fieldmeter models by

right-clicking on the Fieldmeter models and choosing “duplicate”. Adjust all model names and Com-

puter Interface serial number variable settings appropriately.

6.3 RadiMation

LUMILOOP recommends using the most recent version of the DARE!! RadiMation measurement

software. The LSProbe field probe driver has been included in the RadiMation drivers package since

March 2017. The latest version of the RadiMation software and its device drivers package can be

downloaded from ❤tt♣✿✴✴✇✐❦✐✳❞❛r❡✳♥❧✴✇✐❦✐✴✐♥❞❡①✳♣❤♣✴▼❛✐♥❴P❛❣❡.

Before using the LSProbe 1.2 E-Field Probe in RadiMation run the LSProbe TCP Server, enable the

laser supply and select the desired mode as described in Sections 5.2.1, 5.2.3 and 5.2.4. RadiMation

will neither change the supply laser nor themode setting.

Every newly connected LSProbe field probe needs to be added to the RadiMation device list

choosing it from the RadiMation device driver list. Open the “Configuration” window via

“Configuration→Configuration” in the menu bar. Inside the “Device Drivers” tab choose “Field sen-
sors” as the “Device Driver Type” as shown in Figure 44

As shown in Figure 45 click the “Add” button and select “LUMILOOP LSProbe 1.2” from the list. Next

click the “New”buttonandenter adescriptionof thefield probe, e.g. “LUMILOOPLSProbe1.2”,finish

by clicking “Ok”.

A “Device Driver Settings” window will open as shown in Figure 46. Click the “Advanced” button

and select the “Settings tab”. Enter the correct Computer Interface number of the LSProbe to be

connected. The low-pass filter frequency is also adjustable in this window. Click “Ok” to close the

advanced setting window and the “Device Driver Settings” window. The TCP host and port can be

configured using the “Communication” tab.

The newly createdfield probe device can be selected available via “Devices→Field sensors” as shown
in Figure 47.

Figure 48 shows the window used for connecting to and testing the LSProbe 1.2 field probe. Use the

“Connect” button for establishing the connectionand the “Trigger” button forobtainingfield strength

readings for the operating frequency set via the “Carrier frequency” control.
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Figure 44: Choosing field sensors in RadiMation configuration

Figure 45: Adding a new LSProbe field sensor in RadiMation
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Figure 46: Configuring LSProbe field probe in RadiMation

Figure 47: Selecting new field sensor in RadiMation
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Figure 48: Connecting and testing LSProbe 1.2 field sensor in RadiMation

6.4 Win6000

LUMILOOP recommends using the most recent version of the Teseq Win6000 measurement soft-

ware since Win6000 integration is always tested against the most recent Win6000 release. The

LSProbe 1.2 E-Field Probe is supported byWin6000 version 1.35 and later.

Start Win6000 and install the packages ❞r✈❴▲❙Pr♦❜❡✶✳✷❴❱❡r✷✵✶✼✲✵✸✲✷✼✳③✐♣ and

▲❯▼■▲❖❖P❴▲❙Pr♦❜❡✷✳✶❴❚❡st✷✳③✐♣ contained in the ❧✐❜❭❲✐♥✻✵✵✵ subdirectory of the LSProbe

installation path. As shown in Figure 49 use “Packages→Install Package” in the menu bar for both
packages.

By default Win6000 will connect to port 10,000 of an LSProbe TCP Server running on the

same host. To change the host or TCP port setting open ▲❙Pr♦❜❡✶✳✷✳❞r✈ typically located in

❈✿❭❚❡s❡q❭❚❡s❡q❭❉❡✈✐❝❡s. In line 20 of ▲❙Pr♦❜❡✶✳✷✳❞r✈ change “127.0.0.1” to the desired TCPhost

and “10000” to the desired TCP port number.

Before using the LSProbe 1.2 E-Field Probe inWin6000 run LSProbe the TCP Server. Open the test

setup via “SysConf→Open” and select the “LUMILOOP_LSProbe” setup’s subsection “using as device
of monitoring system” as shown in Figure 50.

Within the test setup shown in Figure 51, click on “Monitoring” to configure the channels to be

recorded.

Choose “LSProbe1.2” from the list of available devices, name the channel andopen the channel’s set-

tings dialog as shown in Figure 52. Select the desired mode, sensor type (E-field x-, y-, z-axis magni-

tude or temperature) and low-pass filter cut-off frequency. Choose whether calibration information

is to be shown. Close the configuration by clicking “OK”.

Start the measurement via “Run→ Start Automatic Test Execution” in the menu bar. Fill in the fol-
lowing dialogs to configure the recording of measurement data appropriately. Figure 53 shows a

measurement run, note thatWin6000will display wait messages when performingmode switching.
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Figure 49: InstallingWin6000 driver and test setup packages

Figure 50: LoadingWin6000 LSProbe 1.2 test setup inWin6000
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Figure 51: Configuring LSProbe 1.2 test setup inWin6000

Figure 52: Selecting LSProbe 1.2 mode, axis and low-pass filter inWin6000
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Figure 53:Measurement run inWin6000
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7 Serial Port Protocol Emulation

The LSProbe TCP Server is capable of closely emulating the serial protocol of the PMM EP60x E-

field probe series. This enables the seamless integration into a wide range of existing test setups

and third party EMC software without requiring a dedicated device driver. The serial port protocol

emulation provides basic asynchronous read-out and filtering of x-, y-, z-axis E-field values and E-

fieldmagnitudevalues. Advanced features suchashigh speedwaveformacquisition, triggering, pulse

detection, statistics andMultiprobe setups require a dedicated device driver.

On entering mode 1, which supports the complete operating frequency range, the LSProbe TCP

Server will create a virtual serial port and indicate the COM port number as shown in Figure 54.

Virtual serial port names start from COM10. The LSProbe TCP Server reserves the lowest available

COMnumber to offer serial command access. The virtual serial port is configured to use 9600baud,

no parity, one stop bit and no flow control. Different settings, especially baud rates will normally not

hinder communication over the virtual serial port as the virtual serial line’s settings are not enforced

strictly.

(a) LSProbe TCP Server (b) DeviceManager

Figure 54: Virtual serial port for EP60x emulation in mode 1

7.1 Using LSProbe 1.2 via theWinEP600 Software

Use the LSProbe GUI to enable the supply laser and set the mode to 1 as described in Sections 5.2.3

and 5.2.4. Optionally, close the GUI afterwards.

Run WinEP600 and select the virtual COM port indicated by the LSProbe TCP Server as shown in

Figure 55(a). Do not use the COM port containing the string “VSPort Controlling Device”. Click

“RS232” to open the connection.

Figure 55(b) shows theWinEP600 Software communicatingwith the LSProbe TCP Server. Note that

setting frequency correction to “OFF” will in fact not disable frequency correction but set the cor-

rection frequency to 10 kHz. The indicated battery voltage is the E-Field Probe’s optically generated
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(a) Serial Port Section (b) MainWindow

Figure 55:UsingWinEp600

supply voltage, the displayed temperature is the E-Field Probe’s internal temperature, which is al-

ways significantly higher than its ambient temperature. TheE-FieldProbe’s serial number is available

through the help menu under “? → Info→ Serial” indicated before the “S” character of the displayed
text.

The filter setting is handled in such a fashion that the cut-off frequency will be emulated. The notch

characteristics will be ignored. Note that on closing WinEP600 the E-Field Probe will not be shut

down even if commanded to. The E-Field Probe can be shut down using the GUI as described in

Section 5.7.3.

7.2 Serial Command Reference

All serial commands are case-sensitive, start with a “#” character and end with a “*” character. The

two characters following “#” indicate the field probe’s address between “00” and “99”. An address of

“00”will be accepted regardless of the serial number set using the commands “@c” and “@Ia”, detailed

below.

The supported command strings between serial number and “*” are explained in the following sec-

tions.

7.2.1 ?v

Query version string, consisting of emulated field probe type, pseudo firmware version and the cali-

bration date. If available, the external calibration date will be used rather than the in-house calibra-

tion date. E.g. the query “#00?v*” will return “vEP602:1.12 11/16;” for a field probe calibrated in

November of 2016.

7.2.2 ?p

Query calibration date string of the emulated field probe. If available, the external calibration date

will be used rather than the in-house calibration date. E.g. the query “#00?p*” will return “p11/16;”

for a field probe calibrated in November of 2016.
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7.2.3 ?b

Query E-Field Probe’s optically generated supply voltage in V, encoded as a two byte, big endian en-

coded, 16 bit unsigned integer value. E.g. the query “#00?b*” will return “b” followed by two bytes

encoding the voltage code n. The battery voltage can be calculated as Vbat = 4.8❱
n

1024
.

7.2.4 ?t

Query E-Field Probe’s internal temperature in °C, encoded as a two byte, big endian encoded, 16 bit

unsigned integer value. E.g. the query “#00?t*” will return “t” followed by two bytes encoding the

temperature code t. The battery voltage can be calculated as Tint = 281.7 ➦❈ ( 1.6t

1024
− 0.986).

7.2.5 ?s

Query E-Field Probe’s serial number string consisting of a total of 33 characters. E.g. the query

“#00?s*” will return “s00001S00000” followed by 21 zero-valued bytes for an E-Field Probe with

the serial number 1. The Serial number is contained in the five characters preceding “S”.

7.2.6 ?T

Query the square of the E-field strength’s magnitude in V²/m², encoded as a four byte, little endian,

single precision IEEE floating point number. E.g. the query “#00?T*” will return “T” followed by four

bytes containing the squared field strengthmagnitude.

7.2.7 ?A

Query x-, y- and z-axis components of the E-field strength in V/m, each encoded as a four byte, little

endian, single precision IEEE floating point number. E.g. the query “#00?A*” will return “A” followed

by three times four bytes containing the field strength value for x-, y- and z-axis.

7.2.8 kf

Set the operating frequency expressed in multiples of 10 kHz. The command returns the character

“k” followed by four bytes encoding the operating frequency inMHz as a four byte, little endian, sin-

gle precision IEEE floating point number. E.g. the command “#00?k 10000*” will set the operating

frequency to 100MHz and return the character “k” followed by four bytes containing the operating

frequency inMHz. If the set frequency is outside the E-Field Probe’s calibrated frequency range the

nearest calibrated frequency will be set and returned.
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7.2.9 fn

Set the low-pass filter characteristic. Settings between 0 and 7 are allowed. The command contains

a single ASCII-coded number giving the filter number n. The values 0 through 7 correspond to low-

passfilter cut-off frequencies of 28, 24, 8, 4.7, 4, 4, 3.2 and2.3Hz. Note that the notch characteristics

of the original EP60xfilter is not implemented by the emulation. The command returns the character

“f” followed by one byte echoing the setmode number between 0 and 7. E.g. the command “#00?f0*”

will select the first filter characteristic having a 28Hz cut-off frequency and return “f0”.

7.2.10 et

Originally, the command is used to set the time before the EP60x field probe switches off automati-

cally. Since the LSProbe 1.2 is laser-powered, the command serves no useful purpose for emulation.

The input of the command is therefore ignored and always acknowledged. E.g. the command “#00?e

300*” for setting the timeout to five minutes will be ignored and be acknowledged by a single “e”

character.

7.2.11 !

Originally, the command is used to switch the EP60x field probe off. Since the LSProbe 1.2 is laser-

powered, the command serves no useful purpose for emulation. The command is therefore ignored.

The command returns no reply.

7.2.12 @c

Enter address-storing mode for the next second. The command returns no reply. E.g. “#00@c*” will

enter address-storingmode.

7.2.13 @Ia

When in address-storing mode, set the field probe address to a value between 0 and 99. The com-

mand consists of the two characters “@I” followed by the parameter a, two ASCII characters stating

an address between “00” and “99”. The command returns “ERR” if not in storing mode and “I” fol-

lowed by two bytes echoing the set address if in storing mode. E.g. “#00@I11*” will set the address

to 11 and return “I11”.
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8 Virtual E-Field Probes

The LSProbe TCP Server is capable of instantiating virtual Computer Interfaces and associated E-

Field Probes including the simulation of arbitrary E-Field patterns.

Virtual E-Field Probes can replace physical field probes and signal generators during measurement

setuppreparation, feature demonstration, third party EMCsoftware development andoff-line signal

analysis, includingMultiprobe setups.

The following virtual Computer Interface and E-Field Probe properties can be can be configured:

• Computer Interface serial number,

• Computer Interface supply laser state,

• Field Probe serial number,

• Field Probe temperature,

• Field Probe operating voltage,

• Field Probe x-, y- and z-axis acceleration and

• Field Probe x-, y- and z-axis E-field strength, see pattern description below.

Virtual Computer Interface serial numbers and Field Probe serial numbers must be unique, i.e. must

not duplicate the serial numbers of any physical or virtual units. Virtual E-Field Probe serial numbers

must be configured before enabling the virtual supply laser.

E-field patters for x-, y-, and z-axis are simulated by summing up RSSI patterns of the following types:

CW (continuous wave)

Generates constant RSSI values.

Noise

Generates random RSSI values with a configurable maximum amplitude whose time-average is

zero.

Pulse

Generates periodically pulsedRSSI valueswhoseOFF-value is zero andwhoseON-value is con-

figurable for each axis. The pattern’s ON-time and period are configurable and apply to all axes.

List

Generates a sequence of arbitrary RSSI values, optionally calculated from a list of E-field val-

ues, using the present mode, operating frequency and temperature. The sequence is repeated

indefinitely.

Virtual E-Field Probes support all modes. Triggering is supported with the exception of external

trigger input and output. Virtual E-Field Probes support the collection of continuous statistics. By

default virtual Computer Interfaces are configured as statistics slave CIs. Statistics snapshots are

recorded when the statistics master CI triggers a snapshot, the master CI may be physical or virtual.

Note that a virtual statistics master CI cannot control physical statistics slave Computer Interfaces.
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8.1 Controlling Virtual E-Field Probes Using the GUI

To open the “Virtual Probes Control Panel” press the “Virtual Probes” button in the “Connection” tab

as shown in Figure 56.

(a) LSProbe GUI (b) Virtual Probes Control Panel

Figure 56:Opening the Virtual Probes Control Panel of the LSProbe GUI

Click the “Add” button to add a new virtual Computer Interface with the specified CI serial number.

The “Virtual CI#|Probe#” ring lists all connected virtual Computer Interfaces with their associated

Field Probe serial numbers. Click the “Remove” button to disconnect the currently selected Com-

puter Interface.

The selected virtual Computer Interface and associated Field Probe can be configured using the con-

trols in the frame below. Virtual Probe serial number, temperature, operating voltage, acceleration

and field strength pattern components are set using the controls inside the frame. Settings take ef-

fect as soon as they are entered. The “Clear” buttons can be use to reset the corresponding settings

to their default values.

E-Field value lists canbe loaded fromScope-LogCSVfileswhose format is described inSection11.1.2

on page 139. The file name is selected via the “List E-Field” control. Clicking “Load” will append all

E-Field values to the virtual Field Probe’s list buffer. The list can be emptied using the corresponding

“Clear” button.

8.2 Controlling Virtual E-Field Probes Using SCPI Commands

Virtual Computer Interfaces are added using »:VIRTual:CONnect [<CI>]«. »:VIRTual:CISerial?« lists

the serial numbers of all virtual Computer Interfaces. The currently selected virtual Computer In-

terface can be removed using »:VIRTual:DISConnect« The virtual Field Probe’s serial number, tem-

perature, supply voltage, acceleration values, and parametric field strength patterns are set/queried

using the following SCPI commands:

• »:VIRTual:FPSerial <Value>«/»:VIRTual:FPSerial?«,

• »:VIRTual:TEMPerature <Temperature>«/»:VIRTual:TEMPerature?«,

• »:VIRTual:VOLTage <Voltage>«/»:VIRTual:VOLTage?«,

• »:VIRTual:ACCeleration <ACCx>,<ACCy>,<ACCz>«/»:VIRTual:ACCeleration?«,
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• »:VIRTual:CW<RSSIx>,<RSSIy>,<RSSIz>«/»:VIRTual:CW?«,

• »:VIRTual:NOIse <NOISEx>,<NOISEy>,<NOISEz>«/»:VIRTual:NOIse?« and

• »:VIRTual:PULse [<RSSIx>],[<RSSIy>],[<RSSIz>],[<T>],[<Ton>]«/»:VIRTual:PULse?«.

Arbitrary E-field values are appended to the virtual Field Probe’s list using »:VIRTual:LIST

<RSSIx1>,<RSSIy1>,<RSSIz1>[,...,<RSSIxN>,<RSSIyN>,<RSSIzN> ]«. The complete list of E-field

strength values is queried using »:VIRTual:LIST?«. »:VIRTual:LCNt?« returns the number of samples

in the list. »:VIRTual:LCLear« clears the list of values.
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9 Field Probe Calibration

LSProbe 1.2 uses in-house and external calibration files for calculating accurate field strength values

based on the ADC values generated by each of the E-Field Probe’s axes, see Figure 5 on page 16 for

a principle block diagram of the E-Field Probe.

In-house linearity, frequency and temperature compensation files, i.e. LFP files, whose format is de-

tailed in Section 11.2.1, contain the relationship between field strength detector input power and

returned ADC value. They cover all axes, modes, frequencies, input power levels and operating tem-

peratures. The LSProbe TCP Server interpolates between these recorded data points to obtain a

linearity-compensated and temperature compensated detector characteristic for each axis.

In-house E-field calibration files, i.e. IE files, whose format is detailed in Section 11.2.2, contain the

ADC values for a constant E-field strength and operating temperature. Standard values are 10V/m

and room temperature. They cover all axes, modes and frequencies. The LSProbe TCP Server uses

the detector characteristics generated from the LPF files in combination with the values contained

in the IE files to interpolate the in-house calibrated E-field strength.

The reference field strength for the in-house E-field calibration is established using a transfer stan-

dard, i.e. a reference E-Field Probe. Using a transfer standard results in an increased calibration

uncertainty and represents no accredited procedure. Therefore, LSProbe supports the inclusion of

externally generated, accredited calibration data.

External field strength calibration files, i.e. EE files, whose format is detailed in Section 11.2.3, con-

tain the E-field strength errors in Decibels for a constant E-field strength, constant operating tem-

perature and desired number of frequencies. Typically, 10V/m and room temperature are used, the

default set of frequencies is given below. A different field strength value can be chosen as long as

the field strength can be generated for the entire calibration frequency range. Though it is recom-

mended to use the given set of calibration frequencies for both external and internal field strength

calibration, it is permissible to use a different set of frequencies. The LSProbe TCP Server will inter-

polate or extrapolate the calibration factors as needed.

The standard calibration frequencies in mode 0 are 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160,

180, 200, 220, 240, 260, 280, 300, 320, 340, 360, 380, 400, 420, 440, 460, 480, 500, 520, 540, 560,

580, 600, 620, 640, 660, 680, 700, 720, 740, 760, 780, 800, 820, 840, 860, 880, 900, 920, 940, 960,

980, 1000, 1050, 1100, 1150, 1200, 1250, 1300, 1350, 1400, 1450, 1500, 1550, 1600, 1650, 1700,

1750, 1800, 1850, 1900, 1950, 2000, 2050, 2100, 2150, 2200, 2250, 2300, 2350, 2400, 2450, 2500,

2550, 2600, 2650, 2700, 2750, 2800, 2850, 2900, 2950, 3000, 3050, 3100, 3150, 3200, 3250, 3300,

3350, 3400, 3450, 3500, 3550, 3600, 3650, 3700, 3750, 3800, 3850, 3900, 3950, 4000, 4050, 4100,

4150, 4200, 4250, 4300, 4350, 4400, 4450, 4500, 4550, 4600, 4650, 4700, 4750, 4800, 4850, 4900,

4950, 5000, 5050, 5100, 5150, 5200, 5250, 5300, 5350, 5400, 5450, 5500, 5550, 5600, 5650, 5700,

5750, 5800, 5850, 5900, 5950 and 6000MHz.

The standard calibration frequencies in mode 3 are 0.01, 0.015, 0.02, 0.03, 0.05, 0.07, 0.1, 0.3, 0.5,

0.7, 1, 3, 5, 7, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300,

320, 340, 360, 380 and 400MHz.
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9.1 Calibration Data Acquisition

External field strength calibration is always performed in mode 0 and 3 against the in-house E-field

calibration data, recording the actual and indicated E-field strength. The usage of preexisting ex-

ternal calibration data is prevented by issuing a »:CALibration:EXTernal <Value>[,<MProbe>]« com-

mandwith the parameter Value set to zero, this command is mandatory.

The following information should be recorded for each combination of mode, frequency and axis,

ensuring a verifiably correct calibration procedure:

• operating frequency as set by the calibration setup,

• actual E-field strength generated by the calibration setup,

• x-, y- and z-axis ADC values, i.e. RSSI values, using the SCPI commands »:MEA-

Sure[:FProbe]:RSsi:X? [<MProbe>]«, »:MEASure[:FProbe]:RSsi:Y? [<MProbe>]« and »:MEA-

Sure[:FProbe]:RSsi:Z? [<MProbe>]«,

• internal field probe temperature, using the »:MEASure[:FProbe]:ATEMPerature?

[<MProbe>]« SCPI command,

• setfield probe operating frequency, using the »:SYSTem:FREQuency? [<MProbe>]« SCPI com-

mand,

• x-, y- and z-axis components and magnitude of the E-field strength, using the »:MEA-

Sure[:FProbe]:Efield:ALL? [<MProbe>]« SCPI command,

• Computer Interface serial number, using the »:SYSTem:CISerial? [<MProbe>]« SCPI command,

• E-Field Probe serial number, using the »:MEASure[:FProbe]:SERialnumber? [<MProbe>]«

SCPI command,

• E-Field Probemode, using the »:MEASure[:FProbe]:MODe? [<MProbe>]« SCPI command,

• Computer Interface firmware version, using the »:SYSTem:REVision? [<MProbe>]« SCPI com-

mand,

• LSProbe TCP Server firmware version, using the »:SYSTem:FWUPdate?« SCPI command,

• the time stamp of themeasurement.

For maximum accuracy the laser supply should be enabled at least 20 minutes before the first mea-

surement, allowing the E-Field Probe to warm up and settle at a constant temperature.

9.2 Automated Calibration Data Import

External field strength calibration CSV files need to be derived from the data acquired during the

calibration procedure. The LSProbe software installation includes the “CalImport” program for sim-

ple, quick and error-free calibration data import. The default file format and naming conventions

are stated below. If your calibration setup cannot meet these conventions contact LUMILOOP for

inclusion of a suitable import function in the “CalImport” program.

By default the import tool expects a total of nine CSV files for each field probe as input, three files for

each axis. For each axis two files contain the data for measurements in mode 0 and one file contains

the data formeasurements inmode 3. Measurements inmode 0 are stored in two separate files, one

for low frequencies, e.g. up to 1GHz and one for high frequencies, e.g. higher than 1GHz.
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In order for the “CalImport” program to recognize the described files the following case-sensitive

naming conventionsmust be followed:

• exactly nine files must be stored in one directory,

• all files must end in ✳❝s✈,

• x/y/z axis files must start with ①/②/③,

• mode 0 low frequency files must contain ❴▼♦❞❡✵❴▼❍③❴,

• mode 0 high frequency files must contain ❴▼♦❞❡✵❴●❍③❴,

• mode 3 files must contain the string ❴▼♦❞❡✸❴▼❍③❴.

The CSV files must fulfill the following conventions:

• columns are separated by semicolons (❀),

• line breaks are indicated by newline charachters (❭♥),

• the first line contains the column header, this information is ignored by the “CalImport” pro-

gram

• starting with the second line values are stated as decimal integers, floating point numbers or

exponentially coded floating point numbers, using the period character (✳) as the decimal sep-

arator.

The CSV files must contain the following 18 columns:

1. calibration setup frequency inMHz, regardless of the CSV file’s name

2. actual E-field strength in V/m

3. x-axis RSSI value in LSB

4. y-axis RSSI value in LSB

5. z-axis RSSI value in LSB

6. internal probe temperature in °C

7. operating frequency as output by E-Field Probe in Hz

8. power picked up by directional coupler of dBm, if value is not available set value to zero

9. x-axis E-field strength in V/m

10. y-axis E-field strength in V/m

11. z-axis E-field strength in V/m

12. magnitude of E-field strength in V/m

13. Computer Interface serial number

14. Field Probe serial number

15. Field Probemode

16. firmware revision number of Computer Interface

17. firmware revision provided by LSProbe TCP Server

18. time stamp of measurement, expressed as the number of seconds since Jan 1 1904

The “CalImport” program is depicted in Figure 57. Follow these steps for calibration data import:

• Enter the path containing thefiles to be imported via the “CalibrationData path” control of the

GUI,

• set the value of “Calibration Certificate String”,
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• set the calibration date via “Year”, “Month” and “Day”,

• press the button “Import CSV files”,

• verify the correctness of thefile namesdisplayedunder “Mode3GTEMX/Y/Z”, “Mode0GTEM

X/Y/Z” and “Mode 0 Absorber X/Y/Z”,

• review the contents of the text displayed under “Contents of generated file”,

• review the graph displayedwithin the “Graphs” tab,

• review the values displayedwithin the “Numeric Data” tab,

• press the button “Export CSV file” and store the external field strength calibration CSV file as

s♥❳✳❝s✈, where ❳ denotes the decimally coded Field Probe serial number, e.g. s♥✶✷✳❝s✈.

Figure 57: “CalImport” calibration data import program

The “CalImport” programuses data recorded inmode3 for frequencies lower than 30MHz. All other

values usemeasurement data recorded inmode 0.
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10 SCPI Command Reference

10.1 Multiprobe Behavior

Most SCPI commands support theoptionalMProbeparameter determining theMultiprobebehavior

of the respective command. The followingMProbe parameters are available:

EMPTY

If theMProbe parameter is omitted the commandwill only be executed for the presently active

Computer Interface.

0

If the MProbe parameter is set to zero the command is executed for all enumerated Computer

Interfaces. Computer Interfaces will be enumerated and displayed sorted by their serial num-

bers starting with the smallest value.

N

If the MProbe parameter set to a number N that is greater than zero the command will be ex-

ecuted for all Computer Interfaces of the specified Multiprobe setup, see :MProbe:FPSerial?

<MProbe> and :MProbe:CISerial? <MProbe> for the order of E-Field Probe and Computer In-

terface serial numbers.

When any SCPI command is executed for more than one field probe, i.e. the MProbe parameter

refers to multiple Computer Interfaces, the command behaves as if executed for each Computer In-

terface of the specifiedMultiprobe system successively. The order of execution is the same as the se-

rial numbers returned by »:MProbe:FPSerial? <MProbe>« and »:MProbe:CISerial? <MProbe>«. All

output will be joined on a single line by replacing line breaks between the output of different Com-

puter Interfaces with commas. For the sake of brevity the return value descriptions in the following

sections do not explicitly state the return values for Multiprobe calls if they conform to the format

explained above.

10.2 Generic Commands

10.2.1 *CLS

Clear all status registers and structures, e.g. error queue.

10.2.2 *ESE <ESR>

Set event status enable register. This feature is currently not implemented.

PARAMETERS:

Integer value for event status register.
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10.2.3 *ESE?

Query event status enable register. This feature is currently not implemented.

RETURN VALUE:

Returns the integer value of the event status register.

10.2.4 *ESR?

Query themost recent error status register value. The error will be removed from error queue.

RETURN VALUE:

Value of most recent errors in error queue.

10.2.5 *IDN?

Query TCP Server identification string.

RETURN VALUE:

Comma-separated string, consisting of maker, product name, product version, TCP server build

date and TCP server build time, e.g. »LUMILOOP,LSProbe,1.2,Jun 2 2016,08:07:06«.

10.2.6 *OPC

Set operation complete flag after the completion of the previously sent command. This feature is

currently not implemented.

10.2.7 *OPC?

Query operation complete flag. This feature is currently not implemented.

RETURN VALUE:

Always 1.

10.2.8 *RST

Reset TCP server. This will close all previously opened Computer Interfaces, rescan the USB bus and

open all detected Computer Interfaces. This will perform a power-on reset of all Computer Inter-

faces.

The TCP server will print enumeration status information to its standard error output.
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10.2.9 *SRE <int>

Set service request enable register. This feature is currently not implemented.

PARAMETER:

Integer value of service request enable register.

10.2.10 *SRE?

Query service request enable register. This feature is currently not implemented.

RETURN VALUE:

Always 0.

10.2.11 *STB?

Query status byte. Note that only bit 4 is currently implemented.

RETURN VALUE:

The returned integer value contains the following status flags:

BIT 0

Unused bit.

BIT 1

Protection event flag, currently not implemented.

BIT 2

Error/Event queuemessage available.

BIT 3

Questionable status, currently not implemented.

BIT 4

Message available, currently not implemented.

BIT 5

Standard event status register, currently not implemented.

BIT 6

Service request, currently not implemented.

BIT 7

Operation status flag, currently not implemented.
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10.2.12 *TST?

Initiate self test and return test result. This feature is currently not implemented.

RETURN VALUE:

0 on success and 1 on passing the self test.

10.2.13 *WAI

Wait for the completion of the previously issued command. This feature is currently not imple-

mented.

10.3 :SYSTemCommands

10.3.1 :SYSTem:ERRor[:NEXT]?

Querymost recent entry in system error queue and remove entry from error queue.

RETURN VALUE:

Returns comma-separated error and error message string enclosed in quotes, e.g. »0,"No er-

ror".«

10.3.2 :SYSTem:ERRor:COUNt?

Query number of entries in system error queue.

RETURN VALUE:

Number of values in error queue.

10.3.3 :SYSTem:CISerial <Value>

Select activeComputer Interface by serial number. The old syntax "SYSTem:SNUMber:SET<Value>"

remains supported.

PARAMETER:

One serial number out of the list returned by :SYSTem:CISerial? [<MProbe>] with the MProbe

parameter set to 0.
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10.3.4 :SYSTem:CISerial? [<MProbe>]

Query serial number of one or multiple Computer Interfaces. The old syntax "SYS-

Tem:SNUMber:GET? [<MProbe>]" remains supported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

Unsigned integer-valued serial number of selected Computer Interface or comma-separated

list of Computer Interface serial numbers for Multiprobe systems. If no Computer Interfaces

have been enumerated the commandwill return NAN.

10.3.5 :SYSTem:MAKer? [<MProbe>]

Querymaker identification string of one ormultiple Computer Interfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

Name string of the devicemaker, e.g. »LUMILOOP«.

10.3.6 :SYSTem:DEVice? [<MProbe>]

Query device identification string of one ormultiple Computer Interfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

Name string of the device, e.g. »LSProbe«.

10.3.7 :SYSTem:VERSion? [<MProbe>]

Query device version string of one ormultiple Computer Interfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

Version string of the device, e.g. »1.2«.
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10.3.8 :SYSTem:REVision? [<MProbe>]

Query firmware revision of one ormultiple Computer Interfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

An unsigned integer value indicating the firmware’s revision number is returned.

10.3.9 :SYSTem:FWUPdate <FirmwareVersion>[,<MProbe>]

Update Computer Interface FPGA firmware of one ormultiple Computer Interfaces. Make sure that

the laser is powered off before initiating an update.

PARAMETERS:

The first unsigned integer-valued parameter FirmwareVersion is used to prevent inadvertent

firmware updates. It must match the value of the firmware version provided by the TCP server,

see :SYSTem:FWUPdate?.

The second optional unsigned integer parameterMProbe is described in Section 10.1.

10.3.10 :SYSTem:FWUPdate?

Query firmware revision provided by TCP server.

RETURN VALUE:

Unsigned integer value specifying the firmware revision number provided by the TCP server.

10.3.11 :SYSTem:DEBUG <Value>

Set value of debug flags in debug register. Doing so makes the TCP output debug information to

standard error.

PARAMETER:

Unsigned integer value containingflags for debuggingpurposes. Setting abit to1enables debug

output, setting a bit to 0 disables debug output. The bit positions of the debug flags are defined

as follows:

BIT 0

Enable memory consumption information.

BIT 1

Enable timing information.
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BIT 2

Enable echoing of all incoming TCP server messages.

BIT 3

Enable echoing of all outgoing TCP server messages.

BIT 4

Enable timing and data throughput information for USB communications.

BIT 5

Enable calibration data and interpolation information.

BIT 6

Enable trigger information.

BIT 7

Enable emulator information.

BIT 8

Enable streaming information.

BIT 9

Enable statistic information.

E.g. enable SCPI command input and output debugging by issuing »:syst:debug 12«.

10.3.12 :SYSTem:DEBUG?

Query value of debug flags in debug register.

RETURN VALUE:

Unsigned integer value containing the debug flags. See :SYSTem:DEBUG <Value> for the de-

scription of the individual debug flags.

10.3.13 :SYSTem:LASer:ENable <Value>[,<MProbe>]

Enable or disable supply laser of one ormultiple Computer Interfaces.

PARAMETERS:

Enable laser(s) by setting Value to 1, disable laser(s) by setting value to 0.

The second, optional unsigned integer parameterMProbe is described in Section 10.1.

10.3.14 :SYSTem:LASer:ENable? [<MProbe>]

Query status of supply laser of one ormultiple Computer Interfaces.
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PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

An unsigned integer value indicating the laser supply status will be returned. If a laser is off the

return value is 0, if it is on the return value will be 1.

10.3.15 :SYSTem:LASer:RDY? [<MProbe>]

Querymode lock status of one ormultiple Computer Interfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

An unsigned integer value of 1 indicates that the system is ready to operate in the configured

mode, a value of 0 indicates that the laser supply is either off or in start-up.

10.3.16 :SYSTem:LASer:TOut? [<MProbe>]

Query laser timeout status of one ormultiple Computer Interfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

An unsigned integer value of 1 indicates that the laser has been turned off by the safety turn-off

function, a value of 0 indicates normal operation. If executed for all Computer Interfaces a list

of comma-separated unsigned integer values as described above will be returned in the same

order as for :SYSTem:CISerial? [<MProbe>].

10.3.17 :SYSTem:MODe <Mode>[,<MProbe>]

Set E-Field Probe operatingmode of one ormultiple Computer Interfaces.

PARAMETERS:

The unsigned integer parameterMode specifies the E-Field Probe operatingmode as described

in Table 1 on page 17. Valid values are 0, 2, 3, 4, 6 and 7.

The second, optional unsigned integer parameterMProbe is described in Section 10.1.
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10.3.18 :SYSTem:MODe? [<MProbe>]

Get E-Field Probe operatingmode of one ormultiple Computer Interfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

An unsigned integer mode value as described in Table 1 on page 17will be returned.

10.3.19 :SYSTem:FREQuency <Frequency>[,<MProbe>]

Set frequency for frequency-compensated operation of one ormultiple Computer Interfaces.

PARAMETERS:

The first floating point-valued parameter sets the desired frequency. If the frequency exceeds

the calibrated frequency range for the mode set via :SYSTem:MODe <Mode>[,<MProbe>] the

frequency will be forced to the nearest calibrated frequency.

The second, optional unsigned integer parameter MProbe is described in Section 10.1. E.g.

»:syst:freq 1e9,0« will set the compensation frequency to 1GHz for all enumerated Computer

Interfaces, »:syst:freq 2e9« will set the compensation frequency to 2GHz for the currently se-

lected Computer Interface.

10.3.20 :SYSTem:FREQuency? [<MProbe>]

Query frequency for frequency-compensated operation of one ormultiple Computer Interfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

A floating point value indicating the set compensation frequency will be returned.

10.4 :CALibration Commands

10.4.1 :CALibration:EXTernal <Value>[,<MProbe>]

Enable or disable application of external calibration data of one or multiple Computer Interfaces.

After start-up the application of external calibration data is enabled.

PARAMETERS:

Enable application of external calibration data by setting Value to 1, disable application by set-

ting Value to 0.

The second, optional unsigned integer parameterMProbe is described in Section 10.1.
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10.4.2 :CALibration:EXTernal? [<MProbe>]

Query application of external calibration data of one ormultiple Computer Interfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

Anunsigned integer value indicating if external calibrationdata is being appliedor notwill be re-

turned. If external calibration data is being applied the command returns 1, otherwise zero will

be returned. NAN will be returned if the E-Field Probe is off or there is no external calibration

data.

10.4.3 :CALibration:CERTificate? [<MProbe>]

Query external calibration certificate string of one ormultiple Computer Interfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

An external calibration certificate string as given in the external calibration data CSV file will

be returned. If the external calibration data CSV file does not contain a certificate string, the

E-Field Probe is off or there is no valid external calibration data “undefined” will be returned.

10.4.4 :CALibration:TStamp? [<MProbe>]

Query in-house and external calibration time stamps of one ormultiple Computer Interfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

A pair of unsigned integer values indicating the time stamp of in-house calibration and external

calibration will be returned. Tim stamps are expressed as the number of seconds since Jan 1

1904 00:00:00. NAN will be returned if the E-Field Probe is off or there is no valid in-house or

external calibration data. NAN will also be returned for the external calibration time stamp if

external calibration data has been disabled using :CALibration:EXTernal <Value>[,<MProbe>].

10.5 :MEASure Commands

10.5.1 :MEASure:CInterface:TCold? [<MProbe>]

Query the cold side temperatureof the laser’s Peltier cooler for oneormultipleComputer Interfaces.

The cold side temperature is controlled within 15 to 25 °C by Peltier cooler for safe long-time laser
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operation.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns the float-valued laser temperature in °C.

10.5.2 :MEASure:CInterface:THot? [<MProbe>]

Query the hot side temperature of the laser’s Peltier cooler for one ormultiple Computer Interfaces.

The temperature is measured at the Computer Interface’s tubular heat sink. The temperature value

is close to the Peltier cooler’s hot side temperature when the laser is being cooled. In the rare case

that the laser is being heated this temperature will be lower than the laser’s temperature returned

from :MEASure:CInterface:THot? [<MProbe>].

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns the float-valued laser heat sink temperature in °C.

10.5.3 :MEASure:CInterface:VPeltier? [<MProbe>]

Query Peltier cooler voltage for one ormultiple Computer Interfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns the float-valued peltier cooler voltage in Volts.

10.5.4 :MEASure:CInterface:IPeltier? [<MProbe>]

Query Peltier cooler current for one ormultiple Computer Interfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

The command returns the float-valued peltier cooler current in Amperes.
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10.5.5 :MEASure:CInterface:VSWLaser? [<MProbe>]

Query switching supply voltage for laser supply for one ormultiple Computer Interfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

The command returns the float-valued voltage value of step-down voltage controller in Volts.

This supply rail is approximately 200mV higher than the laser’s supply voltage and serves to

improve laser supply efficiency.

10.5.6 :MEASure:CInterface:VLINLaser? [<MProbe>]

Query linear regulator voltage for laser supply for one ormultiple Computer Interfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

The command returns the float-valued voltage value of linear voltage controller in Volt. This

voltage is the laser’s supply voltage.

10.5.7 :MEASure:CInterface:ILaser? [<MProbe>]

Query laser supply current for one ormultiple Computer Interfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

The command returns the float-valued peltier cooler current in Amperes.

10.5.8 :MEASure:CInterface:MAGnitude? [<MProbe>]

Query magnitude of optical receiver A/B received signal strength for one or multiple Computer In-

terfaces.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

The command returns theunsigned integer valuedmagnitudeof receiverA followedby receiver

B in arbitrary units.
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10.5.9 :MEASure[:FProbe]:Efield:X? [<MProbe>]

Query E-field x-axis component for one or multiple Computer Interfaces. The old syntax "MEA-

Sure[:PRObe]:Efield:X? [<MProbe>]" remains supported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

The command returns the float-valued x-axis E-field component in V/m. Values are low-pass fil-

tered as described in :MEASure[:FProbe]:Efield:LPFrequency <Frequency>[,<MProbe>]. NAN

will be returned if the E-Field Probe is off, in start-up or if there is no valid calibration data.

10.5.10 :MEASure[:FProbe]:Efield:MINX? [<MProbe>]

Queryminimumvalue of x-axis E-field range for one ormultipleComputer Interfaces. The old syntax

"MEASure[:PRObe]:Efield:MINX? [<MProbe>]" remains supported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns thefloat-valuedminimumcalibratedE-field component inV/m. Thevalue

is determined using the calibration data for a given frequency and mode. NANwill be returned

if the E-Field Probe is off, in start-up or if there is no valid calibration data.

10.5.11 :MEASure[:FProbe]:Efield:MAXX? [<MProbe>]

Querymaximumvalueof x-axis E-field range for oneormultipleComputer Interfaces. Theold syntax

"MEASure[:PRObe]:Efield:MAXX? [<MProbe>]" remains supported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns the float-valued maximum calibrated E-field component in V/m. The

value is determined using the calibration data for a given frequency and mode. NAN will be

returned if the E-Field Probe is off, in start-up or if there is no valid calibration data.

10.5.12 :MEASure[:FProbe]:Efield:Y? [<MProbe>]

Query E-field y-axis component for one or multiple Computer Interfaces, see :MEA-

Sure[:FProbe]:Efield:X? [<MProbe>] for a description of parameters and return values. The

old syntax "MEASure[:PRObe]:Efield:Y? [<MProbe>]" remains supported.
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10.5.13 :MEASure[:FProbe]:Efield:MINY? [<MProbe>]

Query minimum value of y-axis E-field range for one or multiple Computer Interfaces, see :MEA-

Sure[:FProbe]:Efield:MINX? [<MProbe>] for a description of parameters and return values. The old

syntax "MEASure[:PRObe]:Efield:MINY? [<MProbe>]" remains supported.

10.5.14 :MEASure[:FProbe]:Efield:MAXY? [<MProbe>]

Query maximum value of y-axis E-field range for one or multiple Computer Interfaces, see :MEA-

Sure[:FProbe]:Efield:MAXX? [<MProbe>] for a description of parameters and return values. The old

syntax "MEASure[:PRObe]:Efield:MAXY? [<MProbe>]" remains supported.

10.5.15 :MEASure[:FProbe]:Efield:Z? [<MProbe>]

Query E-field z-axis component for one or multiple Computer Interfaces, see :MEA-

Sure[:FProbe]:Efield:X? [<MProbe>] for a description of parameters and return values. The

old syntax "MEASure[:PRObe]:Efield:Z? [<MProbe>]" remains supported.

10.5.16 :MEASure[:FProbe]:Efield:MINZ? [<MProbe>]

Query minimum value of z-axis E-field range for one or multiple Computer Interfaces, see :MEA-

Sure[:FProbe]:Efield:MINX? [<MProbe>] for a description of parameters and return values. The old

syntax "MEASure[:PRObe]:Efield:MINZ? [<MProbe>]" remains supported.

10.5.17 :MEASure[:FProbe]:Efield:MAXZ? [<MProbe>]

Query minimum value of z-axis E-field range for one or multiple Computer Interfaces, see :MEA-

Sure[:FProbe]:Efield:MAXX? [<MProbe>] for a description of parameters and return values. The old

syntax "MEASure[:PRObe]:Efield:MAXZ? [<MProbe>]" remains supported.

10.5.18 :MEASure[:FProbe]:Efield:MAGnitude? [<MProbe>]

Query E-field magnitude, i.e. isotropic field strength for one or multiple Computer Interfaces, see

:MEASure[:FProbe]:Efield:X? [<MProbe>] for a description of parameters and return values. The old

syntax "MEASure[:PRObe]:Efield:MAGnitude? [<MProbe>]" remains supported.
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10.5.19 :MEASure[:FProbe]:Efield:MINMAGnitude? [<MProbe>]

Query minimum value of E-field magnitude range for one or multiple Computer Interfaces,

i.e. isotropic field strength, see :MEASure[:FProbe]:Efield:MINX? [<MProbe>] for a description

of parameters and return values. The old syntax "MEASure[:PRObe]:Efield:MINMAGnitude?

[<MProbe>]" remains supported.

10.5.20 :MEASure[:FProbe]:Efield:MAXMAGnitude? [<MProbe>]

Query maximum value of E-field magnitude range for one or multiple Computer Interfaces,

i.e. isotropic field strength, see :MEASure[:FProbe]:Efield:MAXX? [<MProbe>] for a description

of parameters and return values. The old syntax "MEASure[:PRObe]:Efield:MAXMAGnitude?

[<MProbe>]" remains supported.

10.5.21 :MEASure[:FProbe]:Efield:ALL? [<MProbe>]

Query E-field components and magnitude, i.e. x, y, z and isotropic field strength for one or multi-

ple Computer Interfaces. The old syntax "MEASure[:PRObe]:Efield:ALL? [<MProbe>]" remains sup-

ported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

The command returns a list of float-valued x-axis, y-axis, z-axis E-field components and E-field

magnitude in V/m, in this order. NANwill be returned if the E-Field Probe is off, in start-up or if

there is no valid calibration data.

10.5.22 :MEASure[:FProbe]:Efield:MINALL? [<MProbe>]

Query minimum value of E-field all axis’ and magnitude range, i.e. x, y, z and isotropic field strength

range for one or multiple Computer Interfaces. The old syntax "MEASure[:PRObe]:Efield:MINALL?

[<MProbe>]" remains supported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

The command returns a list offloat-valued x-axis, y-axis, z-axisminimumcalibrated E-field com-

ponents and minimum calibrated E-field magnitude in V/m, in this order. NAN will be returned

if the E-Field Probe is off, in start-up or if there is no valid calibration data.
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10.5.23 :MEASure[:FProbe]:Efield:MAXALL? [<MProbe>]

Query maximum value of E-field all axis’ and magnitude range, i.e. x, y, z and isotropic field strength

range, for oneormultipleComputer Interfaces, see :MEASure[:FProbe]:Efield:MINALL? [<MProbe>]

for details. The old syntax "MEASure[:PRObe]:Efield:MAXALL? [<MProbe>]" remains supported.

10.5.24 :MEASure[:FProbe]:Efield:LPFrequency <Frequency>[,<MProbe>]

Set E-field low-pass filter -3 dB cut-off frequency for one or multiple Computer Interfaces. The old

syntax "MEASure[:PRObe]:Efield:LPFrequency <Frequency>[,<MProbe>]" remains supported.

PARAMETER:

Float value specifying the -3 dB cut-off frequency for the first order E-field low-pass filter in

Hertz. Thefilter is applied to calibrated and uncalibratedfield strength values. Setting the value

to 0Hz disables low-pass filtering.

The second optional unsigned integer parameterMProbe is described in Section 10.1.

10.5.25 :MEASure[:FProbe]:Efield:LPFrequency? [<MProbe>]

Query E-field low-pass filter -3 dB cut-off frequency for one or multiple Computer Interfaces. The

old syntax "MEASure[:PRObe]:Efield:LPFrequency? [<MProbe>]" remains supported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns a float value specifying the -3 dB cut-off frequency for the first order E-

field low-pass filter in Hertz. A value to 0 indicates that low-pass filtering is disabled.

10.5.26 :MEASure[:FProbe]:RSsi:X? [<MProbe>]

Query RSSI value for x-axis E-field component for one ormultiple Computer Interfaces. The old syn-

tax "MEASure[:PRObe]:RSsi:X? [<MProbe>]" remains supported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns an unsigned integer value representing the uncalibrated 14 bit ADC

value acquired by the x-axis RSSI chip, i.e. received signal strength indicator, used to detect

the electrical field strength. The value is low-pass filtered using the same low-pass filter as de-

scribed in :MEASure[:FProbe]:Efield:LPFrequency <Frequency>[,<MProbe>]. NAN will be re-

turned if the E-Field Probe is off or in start-up.
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10.5.27 :MEASure[:FProbe]:RSsi:Y? [<MProbe>]

Query RSSI value for y-axis E-field component for one or multiple Computer Interfaces, see :MEA-

Sure[:FProbe]:RSsi:X? [<MProbe>] for a description of parameters and return values. The old syntax

"MEASure[:PRObe]:RSsi:Y? [<MProbe>]" remains supported.

10.5.28 :MEASure[:FProbe]:RSsi:Z? [<MProbe>]

Query RSSI value for z-axis E-field component for one or multiple Computer Interfaces, see :MEA-

Sure[:FProbe]:RSsi:X? [<MProbe>] for a description of parameters and return values. The old syntax

"MEASure[:PRObe]:RSsi:Z? [<MProbe>]" remains supported.

10.5.29 :MEASure[:FProbe]:ACCeleration:X? [<MProbe>]

Query E-Field Probe x-axis acceleration value for one or multiple Computer Interfaces. The old syn-

tax "MEASure[:PRObe]:ACCeleration:X? [<MProbe>]" remains supported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns a float value of x-axis acceleration in gees, i.e. multiples of 9.81m/s2.

A value of one gee will be returned if the x-axis is pointing straight up, minus one gee will be

returned if the x-axis is pointing straight down. NANwill be returned if the E-Field Probe is off

or in start-up.

10.5.30 :MEASure[:FProbe]:ACCeleration:Y? [<MProbe>]

Query E-Field Probe y-axis acceleration value for one or multiple Computer Interfaces, see :MEA-

Sure[:FProbe]:ACCeleration:X? [<MProbe>] for a description of parameters and return values. The

old syntax "MEASure[:PRObe]:ACCeleration:Y? [<MProbe>]" remains supported.

10.5.31 :MEASure[:FProbe]:ACCeleration:Z? [<MProbe>]

Query E-Field Probe z-axis acceleration value for one or multiple Computer Interfaces, see :MEA-

Sure[:FProbe]:ACCeleration:X? [<MProbe>] for a description of parameters and return values. The

old syntax "MEASure[:PRObe]:ACCeleration:Z? [<MProbe>]" remains supported.
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10.5.32 :MEASure[:FProbe]:ACCeleration:LPFrequency <Frequency>[,<MProbe>]

Set acceleration low-pass filter -3 dB cut-off frequency for one ormultiple Computer Interfaces. The

old syntax "MEASure[:PRObe]:ACCeleration:LPFrequency <Frequency>[,<MProbe>]" remains sup-

ported.

PARAMETERS:

Float value specifying the -3 dB cut-off frequency for the first oder acceleration low-pass filter

in Hz. Setting the value to 0Hz disables low-pass filtering.

The second optional unsigned integer parameterMProbe is described in Section 10.1.

10.5.33 :MEASure[:FProbe]:ACCeleration:LPFrequency? [<MProbe>]

Query acceleration low-pass filter -3 dB cut-off frequency for one or multiple Computer Interfaces.

The old syntax "MEASure[:PRObe]:ACCeleration:LPFrequency? [<MProbe>]" remains supported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns a float value specifying the -3 dB cut-off frequency for the first order

acceleration low-pass filter in Hertz. A value to 0 indicates that low-pass filtering is disabled.

10.5.34 :MEASure[:FProbe]:MODe? [<MProbe>]

Query E-Field Probe mode for one or multiple Computer Interfaces. The old syntax "MEA-

Sure[:PRObe]:MODe? [<MProbe>]" remains supported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns a unsigned integer value giving the E-Field Probe’s operatingmode. Valid

modes are 0, 1, 3, 4, 6 and 7. NANwill be returned if the E-Field Probe is off or in start-up.

10.5.35 :MEASure[:FProbe]:TEMPerature? [<MProbe>]

Query E-Field Probe internal temperature for one or multiple Computer Interfaces. The old syntax

"MEASure[:PRObe]:TEMPerature? [<MProbe>]" remains supported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns the probe temperature in °C. This temperature is typically 20 °C above

the probe’s ambient temperature. NANwill be returned if the E-Field Probe is off or in start-up.
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10.5.36 :MEASure[:FProbe]:ATEMPerature? [<MProbe>]

Query low-passfilteredE-Field Probe internal temperature for oneormultipleComputer Interfaces.

The old syntax "MEASure[:PRObe]:ATEMPerature? [<MProbe>]" remains supported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns a low-pass filtered value as described in :MEA-

Sure[:FProbe]:TEMPerature? [<MProbe>]. A 10Hz first oder low-pass filter is used. NAN will

be returned if the E-Field Probe is off or in start-up.

10.5.37 :MEASure[:FProbe]:VOLTage? [<MProbe>]

Query E-Field Probe supply voltage for one or multiple Computer Interfaces. The old syntax "MEA-

Sure[:PRObe]:VOLTage? [<MProbe>]" remains supported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns the float-valued E-Field Probe supply voltage value in Volts. The voltage

the photo diode’s voltage generated by the supply laser. NAN will be returned if the E-Field

Probe is off or in start-up.

10.5.38 :MEASure[:FProbe]:SERialnumber? [<MProbe>]

Query E-Field Probe serial number for one or multiple Computer Interfaces. The old syntax "MEA-

Sure[:PRObe]:SERialnumber? [<MProbe>]" remains supported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns the unsigned integer value giving the probe’s unique serial number. NAN

will be returned if the field probe is off or in start-up.

10.5.39 :MEASure[:FProbe]:REVision? [<MProbe>]

Query Field Probe firmware revision of one or multiple Computer Interfaces. The old syntax "MEA-

Sure[:PRObe]:REVision? [<MProbe>]" remains supported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.
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RETURN VALUES:

An unsigned integer value indicating the Field Probe’s firmware’s revision number is returned.

NANwill be returned if the Field Probe is off or in start-up.

10.5.40 :MEASure[:FProbe]:TIMer? [<MProbe>]

Query E-Field Probe activity timer for one or multiple Computer Interfaces. The old syntax "MEA-

Sure[:PRObe]:TIMer? [<MProbe>]" remains supported.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns the unsigned integer value approximating the E-Field Probe’s operating

time in seconds. The counter runs over after reaching 4095. NAN will be returned if the field

probe is off or in start-up.

10.6 :TRIGger Commands

10.6.1 :TRIGger:COUnt? [<MProbe>]

Query number of detected trigger events for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

An integer-valued number of trigger events recorded is returned.

10.6.2 :TRIGger:BEGin <Index>[,<MProbe>]

Set index of first sample of trigger frame for one ormultiple E-Field Probes.

PARAMETERS:

The first parameter is the integer-valued position of the beginning of the trigger frame rela-

tive to the position of the trigger. E.g. »:trig:beg 0« will record samples starting at the trigger

position, »:trig:len -100« will record samples starting 100 samples before the trigger position,

»:trig:len 100« will record samples starting 100 samples after the trigger position.

The second, optional unsigned integer parameterMProbe is described in Section 10.1.
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10.6.3 :TRIGger:BEGin? [<MProbe>]

Query index of first sample of trigger frame for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns an integer-valued position of the beginning of the trigger frame rel-

ative to the position of the trigger, corresponds to the first parameter of :TRIGger:LENgth

<Length>[,<MProbe>]. If executed for multiple Computer Interfaces the command returns a

list of integer-valued positions of the beginning of the trigger frame relative to the position of

the trigger for each E-Field Probe of the respective list.

10.6.4 :TRIGger:LENgth <Length>[,<MProbe>]

Set length of trigger frame for one ormultiple E-Field Probes.

PARAMETERS:

The unsigned integer-valued parameter of the command specifies length of a trigger frame. E.g.

»:trig:len100«will record100 samples starting at the sample index specifiedby :TRIGger:BEGin

<Index>[,<MProbe>].

The second, optional unsigned integer parameterMProbe is described in Section 10.1.

10.6.5 :TRIGger:LENgth? [<MProbe>]

Query number of samples in trigger frame for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns an unsigned integer-valued length of the trigger frame, corresponding to

the length set by :TRIGger:LENgth <Length>[,<MProbe>]. If executed for multiple Computer

Interfaces the command returns a list of unsigned integer-valued lengths of the trigger frame

lengths for each E-Field Probe of the respective list.

10.6.6 :TRIGger:STATe? [<Timeout>,<MProbe>]

Query the state of the trigger system for one ormultiple E-Field Probes.

PARAMETER:

The first optional float valued parameter Timeout sets themaximumnumber of seconds towait
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until encountering a DONE state. If the trigger state is equal to DONE, if Timeout is set to zero,

or if Timeout is omitted the commandwill return immediately.

The second optional unsigned integer parameterMProbe is described in Section 10.1. The sec-

ond parameter always requires the first parameter to be set.

RETURN VALUE:

The command returns a string value giving the state of the trigger system, valid return values

are IDLE, ARMED, TRIGGERED, DONE. See Figure 28 on page 37 for reference.

10.6.7 :TRIGger:DONE? [<Timeout>,<MProbe>]

Query the done state of the trigger system for one ormultiple E-Field Probes.

PARAMETER:

The first optional float valued parameter Timeout sets themaximumnumber of seconds towait

until encountering a DONE state. If the trigger state is equal to DONE, if Timeout is set to zero,

or if Timeout is omitted the commandwill return immediately.

The second optional unsigned integer parameterMProbe is described in Section 10.1. The sec-

ond parameter always requires the first parameter to be set.

RETURN VALUE:

The command returns an unsigned integer value indicating if the trigger state is done. If the

trigger state is IDLE, ARMEDor TRIGGERED the return value is 0, if it is DONE the return value

will be 1.

10.6.8 :TRIGger[:WAVeform]:Efield:X? [<MProbe>]

Query E-field x-axis component values of trigger frame for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

The command returns a comma-separated list of float-valued x-axis E-field component values

of the trigger frame in V/m. NANwill be returned if the E-Field Probe is off, in start-up, if there

is no valid calibration data or if the trigger system state is not equal to DONE.

10.6.9 :TRIGger[:WAVeform]:Efield:Y? [<MProbe>]

Query E-field y-axis component values of trigger frame for one ormultiple E-Field Probes, see :TRIG-

ger[:WAVeform]:Efield:X? [<MProbe>] for details about the parameter and the return values.
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10.6.10 :TRIGger[:WAVeform]:Efield:Z? [<MProbe>]

Query E-field z-axis component values of trigger frame for one ormultiple E-Field Probes, see :TRIG-

ger[:WAVeform]:Efield:X? [<MProbe>] for details about the parameter and the return values.

10.6.11 :TRIGger[:WAVeform]:Efield:MAGnitude? [<MProbe>]

Query E-field magnitude values of trigger frame for one or multiple E-Field Probes, see :TRIG-

ger[:WAVeform]:Efield:X? [<MProbe>] for details about the parameter and the return values.

10.6.12 :TRIGger[:WAVeform]:FRame? [<MProbe>]

Query frame indicator values of trigger frame.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

The command returns a comma-separated list of integer values indicating the burst frame index

inside a trigger frame. Valid values are 0 and 1. In mode 0, 2 and 3 the transition from 0 to 1

or vice versa indicates the acquisition of new LF sample values, there is no gap between field

strength or RSSI values. Inmode 1, 4, 5, 6 and 7 the transition from0 to 1 or vice versa indicates

the beginning of a burst frame and thus a gap of approximately 3.9ms (for mode 1 and 5) or

0.8ms (for mode 4, 6, 7) between field strength or RSSI values. NAN will be returned if the E-

Field Probe is off, in start-up, if there is no valid calibration data or if the trigger system state is

not equal to DONE.

10.6.13 :TRIGger[:WAVeform]:Efield:BINary? [<MProbe>]

Query E-field component values, E-field magnitude values and trigger frame values of trigger frame

in binary format for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

Binary data block followed by a carriage return, new line sequence. The first byte specifies the

number of bytes which will be returned.

For each probe P a chunk of binary data will be sent thereafter in the following order, all values

are encoded in little endian format:
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CI NUMBER

32bit unsigned integer value giving the serial number of the corresponding Computer In-

terface. If the probe P is not defined the CI serial number, probe serial number and sample

count is set to zero and the binary data block ends.

PROBE NUMBER

32bit unsigned integer value giving the serial number of the corresponding E-Field Probe.

If the E-Field Probe is off or in start-up the probe serial number and sample count is set to

zero and the binary data block ends.

SAMPLE COUNT

32bit unsigned integer value giving the number of samples S in the trigger frame of the

corresponding E-Field Probe. The following binary data will contain S values for each of

the following values. If there is no valid calibration data or if the trigger system state is not

equal to DONE the number of samples is set to zero and the binary data block ends.

X-AXIS

S 32bit single precision floating point values giving a list of x-axis E-field values in V/m of

the trigger frame, see :TRIGger[:WAVeform]:Efield:X? [<MProbe>].

Y-AXIS

S 32bit single precision floating point values giving a list of y-axis E-field values in V/m of

the trigger frame, see :TRIGger[:WAVeform]:Efield:Y? [<MProbe>].

Z-AXIS

S 32bit single precision floating point values giving a list of z-axis E-field values in V/m of

the trigger frame, see :TRIGger[:WAVeform]:Efield:Z? [<MProbe>].

MAGNITUDE

S 32bit single precisionfloating point values giving a list of E-fieldmagnitude values in V/m

of the trigger frame, see :TRIGger[:WAVeform]:Efield:MAGnitude? [<MProbe>].

FRAME INDICATOR

S 32bit single precision floating point values giving a list of E-field frame indicator values

as described in :TRIGger[:WAVeform]:FRame? [<MProbe>],

X-AXIS RSSI

S 16bit unsigned integer values, encoded as 32bit single precision floating point

values, giving a list of x-axis RSSI values in LSB of the trigger frame, see :TRIG-

ger[:WAVeform]:RSsi:X? [<MProbe>].

Y-AXIS RSSI

S 16bit unsigned integer values, encoded as 32bit single precision floating point

values, giving a list of y-axis RSSI values in LSB of the trigger frame, see :TRIG-

ger[:WAVeform]:RSsi:Y? [<MProbe>].

Z-AXIS RSSI

S 16bit unsigned integer values, encoded as 32bit single precision floating point
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values, giving a list of z-axis RSSI values in LSB of the trigger frame, see :TRIG-

ger[:WAVeform]:RSsi:Z? [<MProbe>].

10.6.14 :TRIGger[:WAVeform]:Efield:BINWait? [<Timeout>,<MProbe>]

Query E-field component values, E-field magnitude values and trigger frame values of trigger frame

in binary format for one ormultiple E-Field Probes. If data is available for all queried probes a :TRIG-

ger:CLear [<MProbe>] and :TRIGger:ARM [<MProbe>] will be sent automatically.

PARAMETER:

The first optional float valued parameter Timeout sets themaximumnumber of seconds towait

until encountering a DONE state. If the trigger state is equal to DONE, if Timeout is set to zero,

or if Timeout is omitted the commandwill return immediately.

The second optional unsigned integer parameterMProbe is described in Section 10.1. The sec-

ond parameter always requires the first parameter to be set.

RETURN VALUES:

See :TRIGger[:WAVeform]:Efield:BINary? [<MProbe>] for a description of the commands re-

turn values.

10.6.15 :TRIGger[:WAVeform]:Efield:ALL? [<MProbe>]

Query E-field component values and E-field magnitude averaged over the present trigger frame for

one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

The command returns a comma-separated list of four float values giving the x-axis E-field com-

ponent, y-axis E-field component, z-axis E-field component and E-field magnitude, i.e. isotropic

E-field strength, in this order. NANwill be returned if the E-Field Probe is off, in start-up, if there

is no valid calibration data or if the trigger system state is not equal to DONE.

10.6.16 :TRIGger[:WAVeform]:RSsi:X? [<MProbe>]

Query E-field x-axis RSSI values of a trigger frame for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

The command returns a list of unsigned integer values representing theuncalibrated14bitADC
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value acquired by the x-axis RSSI chip, i.e. received signal strength indicator, used to detect the

electrical field strength. NAN will be returned if the E-Field Probe is off, in start-up or if the

trigger system state is not equal to DONE.

10.6.17 :TRIGger[:WAVeform]:RSsi:Y? [<MProbe>]

Query E-field y-axis RSSI values of a trigger frame for one or multiple E-Field Probes, see :TRIG-

ger[:WAVeform]:RSsi:X? [<MProbe>] for details about the parameter and return values.

10.6.18 :TRIGger[:WAVeform]:RSsi:Z? [<MProbe>]

Query E-field z-axis RSSI values of a trigger frame, for one or multiple E-Field Probes, see :TRIG-

ger[:WAVeform]:RSsi:X? [<MProbe>] for details about the parameter and return values.

10.6.19 :TRIGger[:WAVeform]:ACCeleration:X? [<MProbe>]

QueryE-Field Probe’s x-axis acceleration values of a trigger frame for oneormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

The command returns a comma-separated list of float-valued acceleration values in gees, i.e.

multiples of 9.81m/s2, within a trigger frame. A value of one gee will be returned if the x-axis is

pointing straight up, minus one geewill be returned if the x-axis is pointing straight down. Since

the sampling rate of acceleration values is 1.3 kHz and asynchronous to E-field strength sam-

pling the number of samples is much smaller than :TRIGger[:WAVeform]:Efield:X? [<MProbe>]

and canvarybyonevalue for a constant trigger frame length. NANwill be returned if theE-Field

Probe is off, in start-up or if the trigger system state is not equal to DONE.

10.6.20 :TRIGger[:WAVeform]:ACCeleration:Y? [<MProbe>]

QueryE-Field Probe’s y-axis acceleration values of a trigger frame for oneormultiple E-Field Probes,

see :TRIGger[:WAVeform]:ACCeleration:X? [<MProbe>] for details.

10.6.21 :TRIGger[:WAVeform]:ACCeleration:Z? [<MProbe>]

Query E-Field Probe’s z-axis acceleration values of a trigger frame for one ormultiple E-Field Probes,

see :TRIGger[:WAVeform]:ACCeleration:X? [<MProbe>] for details.
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10.6.22 :TRIGger[:WAVeform]:TEMPerature? [<MProbe>]

Query E-Field Probe’s internal temperature values of a trigger frame for one or multiple E-Field

Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

The command returns a comma-separated list of float-valued temperature values in °C within

a trigger frame. See :TRIGger[:WAVeform]:ACCeleration:X? [<MProbe>] for further details

about the return value format.

10.6.23 :TRIGger[:WAVeform]:VOLTage? [<MProbe>]

Query E-Field Probe’s supply voltage values of a trigger frame for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

The command returns a comma-separated list of float-valuedvoltagevalues inVwithin a trigger

frame. See :TRIGger[:WAVeform]:ACCeleration:X? [<MProbe>] for further details about the

return value format.

10.6.24 :TRIGger[:WAVeform]:MAVErage? <Length>,<Margin>

Evaluate trigger frame statistically and return statistics about E-field RSSI values, E-Field Probe

timer, acceleration, temperature ADC value, operating mode, voltage ADC value and serial number.

The command is able to evaluate a trigger frame by dividing it into equally sized sections and return-

ing statistics about each section. The command is used for calibration purposes in combination with

a synchronously triggered signal generator.

PARAMETERS:

The first unsigned integer value specifies the number of E-field RSSI values per evaluated sec-

tion. The second unsigned integer value specifies the number of E-field RSSI values to skip at

the beginning and end of each section.

RETURN VALUES:

List of a multiple of 44 float-valued, comma-separated values, giving the average, mean devia-

tion, minimum and maximum for each evaluated value. If the trigger frame is longer than the

number of samples specified by the Length parameter, 44 values will be printed for each trigger

frame section. Values are printed in the following order: x-axis E-field RSSI value, y-axis E-field

RSSI value, z-axis E-field RSSI values, probe uptime value (Section 10.5.40), x-axis acceleration
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(Section 10.5.29), y-axis acceleration, z-axis acceleration, probe temperature ADC value, probe

mode value (Section 10.5.34), probe supply voltage ADC value and probe mode number (Sec-

tion 10.5.34).

10.6.25 :TRIGger:SOURce <Source>[,<MProbe>]

Set trigger source for triggered operation for one ormultiple E-Field Probes.

PARAMETER:

String parameter without quotes specifying the trigger source, valid values are SOFT, EXT,

EXT2, X, Y, Z and STREAM. When set to SOFT triggering must occur by means of the :TRIG-

ger:FORce [<MProbe>] command. When set to EXT triggering uses the external trigger input

configured by :TRIGger:FALLing <0/1>[,<MProbe>] and :TRIGger:OUTput <0/1>[,<MProbe>].

EXT refers to the trigger signal of the BNC connector, EXT2 refers to the trigger signal of the

“Ext1´´ RJ45 socket of the respective Computer Interface. When set to either X, Y or Z the field

strength value of the selected axis is used for triggering, :TRIGger:LEVel <Level>[,<MProbe>]

and :TRIGger:FALLing <0/1>[,<MProbe>] are used for configuration.

The second, optional unsigned integer parameterMProbe is described in Section 10.1.

10.6.26 :TRIGger:SOURce? [<MProbe>]

Query trigger source for triggered operation for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns a string value without quotes specifying the trigger source, see :TRIG-

ger:SOURce <Source>[,<MProbe>] for more details.

10.6.27 :TRIGger:ARM [<MProbe>]

Arm trigger, the trigger system will change state from any other trigger state to ARMED for one or

multiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

10.6.28 :TRIGger:CLear [<MProbe>]

Clear trigger, the trigger system will change state from any other trigger state to IDLE for one or

multiple E-Field Probes.
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PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

10.6.29 :TRIGger:FORce [<MProbe>]

Clear trigger, the trigger system will change state from ARMED to TRIGGERED independent of the

trigger source set by :TRIGger:SOURce <Source>[,<MProbe>] for one or multiple E-Field Probes.

This command is used to for software triggering.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

10.6.30 :TRIGger:LEVel <Level>[,<MProbe>]

Set the trigger field strength for X, Y and Z triggering for one ormultiple E-Field Probes.

PARAMETER:

Floating point parameter specifying the field strength in V/m. Triggering occurs if the field

strength crosses the set value.

The second, optional unsigned integer parameterMProbe is described in Section 10.1.

10.6.31 :TRIGger:LEVel? [<MProbe>]

Query the trigger field strength for X, Y and Z triggering for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUES:

The command returns the trigger level as a float-valued field strength value in V/m. NANwill be

returned if the E-Field Probe is off or in start-up.

10.6.32 :TRIGger:FALLing <0/1>[,<MProbe>]

Set the direction for external, X, Y and Z triggering for one ormultiple E-Field Probes.

PARAMETERS:

Boolean value of either 0 or 1. If set to 0 the the rising edge of the external trigger signal or pass-

ing the threshold value in rising directionwill bring the trigger system from the state ARMED to

TRIGGERED. If set to 1 the falling edgewill be used for triggering.

The second, optional unsigned integer parameterMProbe is described in Section 10.1.
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10.6.33 :TRIGger:FALLing? [<MProbe>]

Query the direction for external, X, Y and Z triggering for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns theboolean value giving the trigger edgedirection, see :TRIGger:FALLing

<0/1>[,<MProbe>] for details.

10.6.34 :TRIGger:OUTput <0/1>[,<MProbe>]

Enable or disable the output of a trigger signal via the Computer Interface’s BNC connector for one

ormultiple E-Field Probes.

PARAMETERS:

Boolean value of either 0 or 1. If set to 0 trigger output is disabled and the Computer Inter-

face’s BNC connector can be used for trigger input. If set to 1 trigger output is enabled and the

Computer Interface’s BNC connector cannot be used for trigger input.

The second, optional unsigned integer parameterMProbe is described in Section 10.1.

10.6.35 :TRIGger:OUTput? [<MProbe>]

Query status of trigger output for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns a boolean value giving the state of the Computer Interfaces BNC trigger

connector, see :TRIGger:OUTput <0/1>[,<MProbe>] for details.

10.6.36 :TRIGger:INVert <0/1>[,<MProbe>]

Set the polarity for trigger output via the Computer Interface’s BNC trigger connector for one or

multiple E-Field Probes.

PARAMETERS:

Boolean value of either 0 or 1. If set to 0 trigger output uses a rising edge logic signal. If set to 1

a falling edge logic signal will be generated.

The second, optional unsigned integer parameterMProbe is described in Section 10.1.

2017/08/17 Page 107/163



LSProbe 1.2 User’sManual

10.6.37 :TRIGger:INVert? [<MProbe>]

Query the polarity for trigger output via the Computer Interface’s BNC trigger connector for one or

multiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns a boolean value of either 0 or 1. See :TRIGger:INVert <0/1>[,<MProbe>]

for details.

10.6.38 :TRIGger:SYNC <0/1>[,<MProbe>]

Enable or disable synchronization trigger output using the Computer Interface’s BNC trigger con-

nector for one or multiple E-Field Probes. This function is useful for synchronizing signal generators

or transmitters with the E-Field Probe.

PARAMETERS:

Boolean value of either 0 or 1. If set to 0 and external trigger output is enabled, out-

put trigger signal as described in :TRIGger:OUTput <0/1>[,<MProbe>] and :TRIGger:INVert

<0/1>[,<MProbe>]. If set to 1 and trigger output is enabled, a logic edge will be generated syn-

chronously with E-field value acquisition. If in mode 0 to 3 a 1 µs long pulse is generated once

every 2 µs. In mode 4 to 7 a 1 µs long pulse is generated for the first value of a burst frame. In

mode 1 and 5 only a subset of sample values is made available by TCP Server.

The second, optional unsigned integer parameterMProbe is described in Section 10.1.

10.6.39 :TRIGger:SYNC? [<MProbe>]

Query the configuration synchronization trigger output for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns a boolean value of either 0 or 1. See :TRIGger:SYNC <0/1>[,<MProbe>]

for details.

10.6.40 :TRIGger:BPOUTput <0/1>[,<MProbe>]

Enable or disable the output of a trigger signal via the Computer Interface’s upper RJ45 connector

for one ormultiple E-Field Probes. See :TRIGger:OUTput <0/1>[,<MProbe>] for parameters.
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10.6.41 :TRIGger:BPOUTput? [<MProbe>]

Query statusof triggeroutput via theComputer Interface’s upperRJ45connector foroneormultiple

E-Field Probes. See :TRIGger:OUTput? [<MProbe>] for parameter and return value.

10.6.42 :TRIGger:BPINVert <0/1>[,<MProbe>]

Set the polarity for trigger output via the Computer Interface’s upper RJ45 connector for one or

multiple E-Field Probes. See :TRIGger:INVert <0/1>[,<MProbe>] for parameters.

10.6.43 :TRIGger:BPINVert? [<MProbe>]

Query the polarity for trigger output via the Computer Interface’s upper RJ45 connector for one or

multiple E-Field Probes. See :TRIGger:INVert? [<MProbe>] for parameter and return value.

10.6.44 :TRIGger:BPSYNC <0/1>[,<MProbe>]

Enable or disable synchronization trigger output via theComputer Interface’s upper RJ45 connector

for one ormultiple E-Field Probes. See :TRIGger:SYNC <0/1>[,<MProbe>] for parameters.´

10.6.45 :TRIGger:BPSYNC? [<MProbe>]

Query the configuration of the synchronization trigger output via the Computer Interface’s upper

RJ45 connector for one or multiple E-Field Probes. See :TRIGger:SYNC? [<MProbe>] for parameter

and return value.

10.6.46 :TRIGger[:WAVeform]:RADar:X? [<Threshold>][,<MProbe>]

Query radar E-field x-axis component values of trigger frame for one ormultiple E-Field Probes.

PARAMETER:

The threshold parameter is optional, if omitted or set to zero the arithmetic mean of minimum

and maximum field strength will be used as a threshold. If given the parameter specifies the

pulse detection threshold in V/m.

The second, optional unsigned integer parameter MProbe is described in Section 10.1. If used

the first parameter must also be given.

RETURN VALUES:

The command returns a comma-separated list of unsigned integer numbers giving the number

of detected pulses, followed by index/field strength pairs giving the sample position and maxi-

mum field strength value of the radar pulse. The first value of each pair gives the sample index
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after crossing the threshold value in a rising fashion relative to the trigger position, negative

value indicate pulses occurring before trigger detection. The second value of each pair gives

the maximum field strength of the respective pulse. The number of pulses will be returned as

zero and no index/field strength pairs be returned if no pulses could be detected, the E-Field

Probe is off, the probe is in start-up, there is no valid calibration data or the trigger system state

is not equal to DONE.

10.6.47 :TRIGger[:WAVeform]:RADar:Y? [<Threshold>][,<MProbe>]

Query radar E-field y-axis component values of trigger frame for one or multiple E-Field Probes, see

:TRIGger[:WAVeform]:RADar:X? [<Threshold>][,<MProbe>] for details.

10.6.48 :TRIGger[:WAVeform]:RADar:Z? [<Threshold>][,<MProbe>]

Query radar E-field z-axis component values of trigger frame for one or multiple E-Field Probes, see

:TRIGger[:WAVeform]:RADar:X? [<Threshold>][,<MProbe>] for details.

10.6.49 :TRIGger[:WAVeform]:RADar:MAGnitude? [<Threshold>][,<MProbe>]

Query radar E-field magnitude values of trigger frame for one or multiple E-Field Probes, see :TRIG-

ger[:WAVeform]:RADar:X? [<Threshold>][,<MProbe>] for details.

10.6.50 :TRIGger[:WAVeform]:RADar:ALL? [<Threshold>][,<MProbe>]

Query radar E-field component values and radar E-fieldmagnitude averagedover the present trigger

frame, for one ormultiple E-Field Probes.

PARAMETERS:

The threshold parameter is optional, if omitted the arithmetic mean of minimum andmaximum

field strength will be used as a threshold. If given the parameter specifies the pulse detection

threshold in V/m.

The second, optional unsigned integer parameter MProbe is described in Section 10.1. If used

the first parameter must also be given.

RETURN VALUES:

The command returns a comma-separated list of fourfloat values giving the x-axis, y-axis, z-axis

and magnitude, i.e. isotropic, E-field strength averaged over all detected pulses, in this order.

NAN will be returned if no pulses could be detected, the E-Field Probe is off, the probe is in

start-up, there is no valid calibration data or the trigger system state is not equal to DONE.
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10.6.51 :TRIGger[:WAVeform]:RADar:COUnt? [<Threshold>][,<MProbe>]

Query number of detected E-field component and radar E-fieldmagnitude pulses in the present trig-

ger frame, for one ormultiple E-Field Probes.

PARAMETERS:

The threshold parameter is optional, if omitted the arithmetic mean of minimum andmaximum

field strength will be used as a threshold. If given the parameter specifies the pulse detection

threshold in V/m.

The second, optional unsigned integer parameter MProbe is described in Section 10.1. If used

the first parameter must also be given.

RETURN VALUES:

The command returns a comma-separated list of unsigned integer numbers giving the number

of detected pulses for the x-axis, y-axis, z-axis and isotropic E-field strength. NAN will be re-

turned if the E-Field Probe is off, the probe is in start-up, there is no valid calibration data or the

trigger system state is not equal to DONE.

10.7 :STATistics Commands

10.7.1 :STATistics:MAster <State>

Set currently selected Computer Interface to be the master Computer Interface for continuous

statistics collection. The active Computer Interface is set using :SYSTem:CISerial <Value>. By de-

fault the first enumeratedComputer Interface automatically becomes the continuous statisticsmas-

ter Computer Interface.

PARAMETER:

Setting State to 1 makes the current Computer Interface the master of the continuous statis-

tics subsystem. A State of 0 makes the Computer Interface a slave of the continuous statistics

subsystem, i.e. continuous statistics will be controlled by a different Computer Interface.

10.7.2 :STATistics:MAster? [<MProbe>]

Query statistics subsystem master/slave status of the currently active Computer Interface. By de-

fault the first enumeratedComputer Interface automatically becomes the continuous statisticsmas-

ter Computer Interface.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns an unsigned integer value containing the master/slave status of the cur-

rently active Computer Interface. Slaves return 0, themaster returns 1.
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10.7.3 :STATistics:ENable <State>[,<MProbe>]

Enable or Disable statistics acquisition for statistics subsystem master Computer Interface . This

command is only effective for Computer Interfaces configured as the statistics subsystem master

Computer Interface, see :STATistics:MAster <State>. Enabling statistics acquisition resets the snap-

shot counter queried via :STATistics:COUnt? [<MProbe>].

PARAMETERS:

Setting State to 1 activates statistics acquisition, setting State to 0 disables statistics acquisi-

tion for one or multiple E-Field Probes. Changing the state from disabled to enabled will reset

and start statistics collection. Changing the state from enabled to disabled will trigger an au-

tomatic snapshot identical to issuing :STATistics:SNAPshot [<Triggered>][,<MProbe>] and stop

statistics collection, see also :STATistics:SNAPshot [<Triggered>][,<MProbe>].

The second, optional unsigned integer parameterMProbe is described in Section 10.1.

10.7.4 :STATistics:ENable? [<MProbe>]

Query status of statistics acquisition for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns anunsigned integer value containing the statusof statistics acquisition. A

value of 1 is returnedwhen statistics acquisition is enabled, 0 is returned if statistics acquisition

is disabled. The enable state of the statistics subsystem is controlled by the statistics subsystem

master, see :STATistics:MAster <State> and :STATistics:ENable <State>[,<MProbe>]. All statis-

tics subsystem slave Computer Interfaces are controlled by the statistics master Computer In-

terface, their return value is thus always be identical to the master Computer Interface if con-

nected correctly.

10.7.5 :STATistics:SNAPshot [<Triggered>][,<MProbe>]

Create a snapshot of either continuously collected statistics, or ofwaveforms recordedby the trigger

subsystem for one ormultiple E-Field Probes.

PARAMETERS:

The optional integer-valued parameter Triggered selects the source for the statistics snapshot.

If the parameter is omitted or set to 0 a snapshot of the continuously acquired statistics is cre-

ated for subsequent analysis. This typeof statistics snapshot is triggeredby theComputer Inter-

face configured as the statistics subsystem master, see :STATistics:MAster <State>. Addition-

ally, statistics acquisitionmust be enabled using :STATistics:ENable <State>[,<MProbe>] before

creating a snapshot.
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If the parameter Triggered is set to 1 the most recently acquired triggered waveforms are ana-

lyzed to obtain a statistics snapshot for subsequent analysis. This kind of snapshot can only be

created for one Computer Interface or multiple Computer Interfaces at a time, see the descrip-

tion of the second parameter below.

The second, optional unsigned integer parameterMProbe determines theMultiprobe behavior

of the command as described in the parameter of :SYSTem:CISerial? [<MProbe>]. If the param-

eter MProbe is set the parameter Triggered is mandatory. For continuous statistics only Com-

puter Interfaces configured as the statistics master Computer Interface will output a snapshot

trigger signal.

10.7.6 :STATistics:COUnt? [<MProbe>]

Return continuous statistics snapshot counter for one ormultiple E-Field Probes.

The optional unsigned integer parameter MProbe determines the Multiprobe behavior of the com-

mand as described in the parameter of :SYSTem:CISerial? [<MProbe>].

RETURN VALUE:

The command returns an unsigned integer value giving the number of snapshots taken for the

selected Computer Interface since the start of the last enabling of statistics acquisition.

10.7.7 :STATistics:RESolution <Resolution>[,<MProbe>]

Set resolution for histograms and distribution functions for one ormultiple E-Field Probes.

PARAMETERS:

Thefloat-valued parameter Resolution specifies the field strength resolution in dB for all statis-

tics query commands returning histograms and distribution functions. E.g. a value of 1.0 will

output histogramswith abin sizeof 1 dB.Bins are aligned relative to andcenteredaround1V/m.

The smallest permissible value for Resolution is 0.005 dB, i.e. 1/200dB.

The second, optional unsigned integer parameterMProbe is described in Section 10.1.

10.7.8 :STATistics:RESolution? [<MProbe>]

Query resolution in dB for histograms and distribution functions for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns a float value giving the field strength resolution in decibels for all statis-

tics query commands returning histograms and distribution functions.
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10.7.9 :STATistics:HISTogram:SIZe? [<Triggered>][,<MProbe>]

Query number of bins for histograms and distribution functions for one ormultiple E-Field Probes.

PARAMETERS:

If no parameter is provided or if Triggered is set to 0 the number of bins for the most recently

created snapshot histograms and distribution functions based on continuous statistics acquisi-

tion is returned. If the parameter Triggered is set to 1 the number of bins for the most recently

created snapshot histograms and distribution functions based on triggered waveforms is re-

turned.

The second, optional unsigned integer parameter MProbe is described in Section 10.1. If the

parameterMProbe is set the parameter Triggered is mandatory.

RETURN VALUE:

The command returns an unsigned integer value giving the number of histogrambins for the set

resolution, see :STATistics:RESolution <Resolution>[,<MProbe>]. NANwill be returned if there

is no valid statistics snapshot data or triggeredwaveform data.

10.7.10 :STATistics:HISTogram:OFFset? [<Triggered>][,<MProbe>]

Queryoffset in dB relative tooneV/m for all histogramsanddistribution functions for oneormultiple

E-Field Probes.

PARAMETERS:

If no parameter is provided or if Triggered is set to 0 the offset for the most recently created

snapshot histograms and distribution functions based on continuous statistics acquisition is re-

turned. If the parameter Triggered is set to 1 the offset for the most recently created snapshot

histograms and distribution functions based on triggeredwaveforms is returned.

The second, optional unsigned integer parameter MProbe is described in Section 10.1. If the

parameterMProbe is set the parameter Triggered is mandatory.

RETURN VALUE:

The command returns an unsigned integer value giving the offset for the set resolution, see

:STATistics:RESolution <Resolution>[,<MProbe>]. NAN will be returned if there is no valid

statistics snapshot data or triggeredwaveform data.

10.7.11 :STATistics:SAMples? [<Triggered>][,<MProbe>]

Query number of sample values used for statistics acquisition for one ormultiple E-Field Probes.

PARAMETERS:

If no parameter is provided or if Triggered is set to 0 the number samples per axis used for the

most recently created statistics snapshot based on continuous statistics acquisition is returned.
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If the parameter Triggered is set to 1 the number of samples per axis used for themost recently

created statistics snapshot based on triggered waveforms is returned, i.e. the number of sam-

ples returned by :TRIGger:LENgth <Length>[,<MProbe>].

The second, optional unsigned integer parameter MProbe is described in Section 10.1. If the

parameterMProbe is set the parameter Triggered is mandatory.

RETURN VALUE:

The command returns an unsigned 64bit integer value giving the number of samples used to

build the respective histogram. NANwill be returned if there is no valid statistics snapshot data

or triggeredwaveform data.

10.7.12 :STATistics:MINimum:X? [<Triggered>][,<MProbe>]

Query x-axis E-field strengthminimumof themost recent statistics snapshot or triggeredwaveform

for one ormultiple E-Field Probes.

PARAMETERS:

If no parameter is provided or if Triggered is set to 0 the x-axis E-field strengthminimum for the

most recently created statistics snapshot based on continuous statistics acquisition is returned.

If the parameter Triggered is set to 1 the x-axis E-field strength minimum of the most recently

created statistics snapshot based on triggeredwaveforms is returned.

The second, optional unsigned integer parameter MProbe is described in Section 10.1. If the

parameterMProbe is set the parameter Triggered is mandatory.

RETURN VALUE:

The command returns a float-valued x-axis E-field minimum in V/m. NAN will be returned if

there is no valid statistics snapshot data or triggeredwaveform data.

10.7.13 :STATistics:MINimum:Y? [<Triggered>][,<MProbe>]

Query y-axis E-field strengthminimumof themost recent statistics snapshot or triggeredwaveform

for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Triggered>][,<MProbe>] for de-

scription of parameters and return values.

10.7.14 :STATistics:MINimum:Z? [<Triggered>][,<MProbe>]

Query z-axis E-field strengthminimum of themost recent statistics snapshot or triggeredwaveform

for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Triggered>][,<MProbe>] for de-

scription of parameters and return values.
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10.7.15 :STATistics:MINimum:MAGnitude? [<Triggered>][,<MProbe>]

QueryE-field strengthmagnitudeminimumof themost recent statistics snapshot or triggeredwave-

form for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Triggered>][,<MProbe>] for

description of parameters and return values.

10.7.16 :STATistics:MINimum:ALL? [<Triggered>][,<MProbe>]

Query x-axis, y-axis, z-axis E-field strengthminimumand E-field strengthmagnitudeminimumof the

most recent statistics snapshot or triggeredwaveform for one ormultiple E-Field Probes.

PARAMETERS:

See :STATistics:MINimum:X? [<Triggered>][,<MProbe>] parameter description for details.

RETURN VALUES:

The command returns a comma-separated list of fourfloat values inV/mgiving the x-axis, y-axis

and z-axis E-field strength minimum followed by the E-field strength magnitude minimum for

themost recently created statistics snapshot. NANwill be returned if there is no valid statistics

snapshot data or triggeredwaveform data.

10.7.17 :STATistics:MAXimum:X? [<Triggered>][,<MProbe>]

Query x-axis E-field strengthmaximumof themost recent statistics snapshot or triggeredwaveform

for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Triggered>][,<MProbe>] for de-

scription of parameters and return values.

10.7.18 :STATistics:MAXimum:Y? [<Triggered>][,<MProbe>]

Query y-axis E-field strengthmaximumof themost recent statistics snapshot or triggeredwaveform

for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Triggered>][,<MProbe>] for de-

scription of parameters and return values.

10.7.19 :STATistics:MAXimum:Z? [<Triggered>][,<MProbe>]

Query z-axis E-field strengthmaximumof themost recent statistics snapshot or triggeredwaveform

for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Triggered>][,<MProbe>] for de-

scription of parameters and return values.

10.7.20 :STATistics:MAXimum:MAGnitude? [<Triggered>][,<MProbe>]

Query E-field strength magnitude maximum of the most recent statistics snapshot or trig-

gered waveform for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Trig-

gered>][,<MProbe>] for description of parameters and return values.
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10.7.21 :STATistics:MAXimum:ALL? [<Triggered>][,<MProbe>]

Query x-axis, y-axis, z-axis E-field strength maximum and E-field strength magnitude maximum of

the most recent statistics snapshot or triggered waveform, see :STATistics:MINimum:ALL? [<Trig-

gered>][,<MProbe>] for description of parameters and return values.

10.7.22 :STATistics:MEAN:X? [<Triggered>][,<MProbe>]

Query x-axis E-field strength arithmetic mean of the most recent statistics snapshot or

triggered waveform for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Trig-

gered>][,<MProbe>] for description of parameters and return values.

10.7.23 :STATistics:MEAN:Y? [<Triggered>][,<MProbe>]

Query y-axis E-field strength arithmetic mean of the most recent statistics snapshot or

triggered waveform for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Trig-

gered>][,<MProbe>] for description of parameters and return values.

10.7.24 :STATistics:MEAN:Z? [<Triggered>][,<MProbe>]

Query z-axis E-field strength arithmeticmean of themost recent statistics snapshot for one ormulti-

ple E-Field Probes, see :STATistics:MINimum:X? [<Triggered>][,<MProbe>] for description of param-

eters and return values.

10.7.25 :STATistics:MEAN:MAGnitude? [<Triggered>][,<MProbe>]

Query E-field strength magnitude arithmetic mean of the most recent statistics snapshot for one or

multiple E-Field Probes, see :STATistics:MINimum:X? [<Triggered>][,<MProbe>] for description of

parameters and return values.

10.7.26 :STATistics:MEAN:ALL? [<Triggered>][,<MProbe>]

Query x-axis, y-axis, z-axis E-field strength arithmetic mean and E-field strength magnitude arith-

metic mean of the most recent statistics snapshot or triggered waveform for one or multiple E-

Field Probes, see :STATistics:MAXimum:ALL? [<Triggered>][,<MProbe>] for description of param-

eters and return values.
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10.7.27 :STATistics:RMS:X? [<Triggered>][,<MProbe>]

Query x-axis E-field strength root mean square of the most recent statistics snapshot or

triggered waveform for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Trig-

gered>][,<MProbe>] for description of parameters and return values.

10.7.28 :STATistics:RMS:Y? [<Triggered>][,<MProbe>]

Query y-axis E-field strength root mean square of the most recent statistics snapshot or

triggered waveform for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Trig-

gered>][,<MProbe>] for description of parameters and return values.

10.7.29 :STATistics:RMS:Z? [<Triggered>][,<MProbe>]

Query z-axis E-field strength root mean square of the most recent statistics snapshot or

triggered waveform for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Trig-

gered>][,<MProbe>] for description of parameters and return values.

10.7.30 :STATistics:RMS:MAGnitude? [<Triggered>][,<MProbe>]

Query E-field strength magnitude root mean square of the most recent statistics snapshot

or triggered waveform for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Trig-

gered>][,<MProbe>] for description of parameters and return values.

10.7.31 :STATistics:RMS:ALL? [<Triggered>][,<MProbe>]

Query x-axis, y-axis, z-axis E-field strength root mean square and E-field strength magnitude root

mean square of the most recent statistics snapshot or triggered waveform for one or multiple E-

Field Probes, see :STATistics:MAXimum:ALL? [<Triggered>][,<MProbe>] for description of parame-

ters and return values.

10.7.32 :STATistics:SDEViation:X? [<Triggered>][,<MProbe>]

Query x-axis E-field strength standard deviation of the most recent statistics snapshot or

triggered waveform for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Trig-

gered>][,<MProbe>] for description of parameters and return values.
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10.7.33 :STATistics:SDEViation:Y? [<Triggered>][,<MProbe>]

Query y-axis E-field strength standard deviation of the most recent statistics snapshot or

triggered waveform for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Trig-

gered>][,<MProbe>] for description of parameters and return values.

10.7.34 :STATistics:SDEViation:Z? [<Triggered>][,<MProbe>]

Query z-axis E-field strength standard deviation of the most recent statistics snapshot or

triggered waveform for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Trig-

gered>][,<MProbe>] for description of parameters and return values.

10.7.35 :STATistics:SDEViation:MAGnitude? [<Triggered>][,<MProbe>]

Query E-field strength magnitude standard deviation of the most recent statistics snapshot

or triggered waveform for one or multiple E-Field Probes, see :STATistics:MINimum:X? [<Trig-

gered>][,<MProbe>] for description of parameters and return values.

10.7.36 :STATistics:SDEViation:ALL? [<Triggered>][,<MProbe>]

Query x-axis, y-axis, z-axis E-field strength standard deviation and E-field strength magnitude stan-

dard deviation of the most recent statistics snapshot or triggered waveform for one or multiple E-

Field Probes, see :STATistics:MAXimum:ALL? [<Triggered>][,<MProbe>] for description of parame-

ters and return values.

10.7.37 :STATistics:Efield? [<Triggered>][,<MProbe>]

Query centerfield strengths of bins usedbyhistograms anddistribution functions for oneormultiple

E-Field Probes.

PARAMETERS:

If no parameter is provided or if Triggered is set to 0 the center field strengths of all bins for

the most recently created statistics snapshot based on continuous statistics acquisition are re-

turned. If the parameter Triggered is set to 1 the center field strengths of the most recently

created statistics snapshot based on triggeredwaveforms are returned.

The second, optional unsigned integer parameter MProbe is described in Section 10.1. If the

parameterMProbe is set the parameter Triggered is mandatory.

RETURN VALUES:

The command returns a comma-separated list offloat-valued E-field strengths in V/m. NANwill

be returned if there is no valid statistics snapshot data or triggeredwaveform data.
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10.7.38 :STATistics:HISTogram:X? [<Triggered>][,<MProbe>]

Query x-axis E-field strength histogram for one ormultiple E-Field Probes.

PARAMETERS:

If no parameter is provided or if Triggered is set to 0 the x-axis E-field strength histogram for

the most recently created statistics snapshot based on continuous statistics acquisition are re-

turned. If the parameter Triggered is set to 1 the x-axis E-field strength histogram of the most

recently created statistics snapshot based on triggeredwaveforms are returned.

The second, optional unsigned integer parameter MProbe is described in Section 10.1. If the

parameterMProbe is set the parameter Triggered is mandatory.

RETURN VALUES:

The command returns a comma-separated list of unsigned 64bit integer values specifying

the number of samples of a field strength falling into the associated field strength bins re-

turned by :STATistics:Efield? [<Triggered>][,<MProbe>]. The bin size is specified by :STATis-

tics:RESolution <Resolution>[,<MProbe>]. NAN will be returned if there is no valid statistics

snapshot data or triggeredwaveform data.

10.7.39 :STATistics:HISTogram:Y? [<Triggered>][,<MProbe>]

Query y-axis E-field strength histogram for one or multiple E-Field Probes, see :STATis-

tics:HISTogram:X? [<Triggered>][,<MProbe>] for description of parameters and return values.

10.7.40 :STATistics:HISTogram:Z? [<Triggered>][,<MProbe>]

Query z-axis E-field strength histogram for one or multiple E-Field Probes, see :STATis-

tics:HISTogram:X? [<Triggered>][,<MProbe>] for description of parameters and return values.

10.7.41 :STATistics:HISTogram:MAGnitude? [<Triggered>][,<MProbe>]

Query E-field strength magnitude histogram for one or multiple E-Field Probes, see :STATis-

tics:HISTogram:X? [<Triggered>][,<MProbe>] for description of parameters and return values.

10.7.42 :STATistics:PDF:X? [<Triggered>][,<MProbe>]

Query x-axis E-field strength discrete relative probability distribution of the most recent statistics

snapshot or triggeredwaveform for one ormultiple E-Field Probes.

PARAMETERS:

See :STATistics:MINimum:X? [<Triggered>][,<MProbe>] parameter description for details.
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RETURN VALUES:

The command returns a list of float-valued discrete relative probabilities of x-axis E-field

strength. Each value is associated with a field strength bin returned by :STATistics:Efield?

[<Triggered>][,<MProbe>]. NAN will be returned if there is no valid statistics snapshot data

or triggeredwaveform data.

10.7.43 :STATistics:PDF:Y? [<Triggered>][,<MProbe>]

Query y-axis E-field strength discrete relative probability distribution of the most recent statistics

snapshot or triggered waveform for one or multiple E-Field Probes, see :STATistics:PDF:X? [<Trig-

gered>][,<MProbe>] for description of parameters and return values.

10.7.44 :STATistics:PDF:Z? [<Triggered>][,<MProbe>]

Query z-axis E-field strength discrete relative probability distribution of the most recent statistics

snapshot or triggered waveform for one or multiple E-Field Probes, see :STATistics:PDF:X? [<Trig-

gered>][,<MProbe>] for description of parameters and return values.

10.7.45 :STATistics:PDF:MAGnitude? [<Triggered>][,<MProbe>]

Query E-field strengthmagnitude discrete relative probability distribution of themost recent statis-

tics snapshot or triggered waveform for one or multiple E-Field Probes, see :STATistics:PDF:X?

[<Triggered>][,<MProbe>] for for description of parameters and return values.

10.7.46 :STATistics:CDF:X? [<Triggered>][,<MProbe>]

Query x-axis E-field strength discrete cumulative probability distribution of the most recent statis-

tics snapshot or triggered waveform for one or multiple E-Field Probes, see :STATistics:PDF:X?

[<Triggered>][,<MProbe>] for description of parameters and return values.

10.7.47 :STATistics:CDF:Y? [<Triggered>][,<MProbe>]

Query y-axis E-field strength discrete cumulative probability distribution of the most recent statis-

tics snapshot or triggered waveform for one or multiple E-Field Probes, see :STATistics:PDF:X?

[<Triggered>][,<MProbe>] for description of parameters and return values.

10.7.48 :STATistics:CDF:Z? [<Triggered>][,<MProbe>]

Query z-axis E-field strength discrete cumulative probability distribution of the most recent statis-

tics snapshot or triggered waveform for one or multiple E-Field Probes, see :STATistics:PDF:X?

[<Triggered>][,<MProbe>] for description of parameters and return values.
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10.7.49 :STATistics:CDF:MAGnitude? [<Triggered>][,<MProbe>]

Query E-field strength magnitude discrete cumulative probability distribution of the most recent

statistics snapshot or triggeredwaveform for one ormultiple E-Field Probes, see :STATistics:PDF:X?

[<Triggered>][,<MProbe>] for description of parameters and return values.

10.7.50 :STATistics:CCDF:X? [<Triggered>][,<MProbe>]

Query x-axis E-field strength discrete complementary cumulative probability distribution of the

most recent statistics snapshot or triggered waveform for one or multiple E-Field Probes, see

:STATistics:PDF:X? [<Triggered>][,<MProbe>] for description of parameters and return values.

10.7.51 :STATistics:CCDF:Y? [<Triggered>][,<MProbe>]

Query y-axis E-field strength discrete complementary cumulative probability distribution of the

most recent statistics snapshot or triggered waveform for one or multiple E-Field Probes, see

:STATistics:PDF:X? [<Triggered>][,<MProbe>] for description of parameters and return values.

10.7.52 :STATistics:CCDF:Z? [<Triggered>][,<MProbe>]

Query z-axis E-field strength discrete complementary cumulative probability distribution of the

most recent statistics snapshot or triggered waveform for one or multiple E-Field Probes, see

:STATistics:PDF:X? [<Triggered>][,<MProbe>] for description of parameters and return values.

10.7.53 :STATistics:CCDF:MAGnitude? [<Triggered>][,<MProbe>]

Query E-field strength magnitude discrete complementary cumulative probability distribution of

the most recent statistics snapshot or triggered waveform for one or multiple E-Field Probes, see

:STATistics:PDF:X? [<Triggered>][,<MProbe>] for description of parameters and return values.

10.7.54 :STATistics:BINary? [<Triggered>][,<MProbe>]

Query all statistical values of the most recent statistics snapshot or triggered waveform in binary

format for one or multiple E-Field Probes. This command can be used to reduce communications

overheadwhen polling statistical values via software.

PARAMETERS:

See :STATistics:MINimum:X? [<Triggered>][,<MProbe>] parameter description for details.

The first byte specifies the number of bytes of the binary data block which will be returned.

P chunks of binary datawill be sent thereafter, one for each referenced E-Field Probe. Statistics

data will be returned in the following order.
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CI NUMBER

32bit unsigned integer value giving the serial number of the corresponding Computer In-

terface. If the probe P is not defined the CI serial number, probe serial number and bin

count is set to zero and the binary data block ends.

PROBE NUMBER

32bit unsigned integer value giving the serial number of the corresponding E-Field Probe.

If the E-Field Probe is off or in start-up the probe serial number and bin count is set to zero

and the binary data block ends.

BIN COUNT

Four bytes specifying the number of bins N contained in the following binary data, the

value is a 32 bit unsigned integer value. If there is no valid statistics snapshot data N will

have a value of zero and no further data will be returned for the binary data chunk.

OFFSET

32bit signed integer value as described in :STATistics:HISTogram:OFFset? [<Trig-

gered>][,<MProbe>].

SAMPLES

64bit unsigned integer value as described in :STATistics:SAMples? [<Trig-

gered>][,<MProbe>].

RESOLUTION

32bit single precision floating point value as described in :STATistics:RESolution?

[<MProbe>].

MINIMUM

Four32bit singleprecisionfloatingpoint values asdescribed in :STATistics:MINimum:ALL?

[<Triggered>][,<MProbe>].

MAXIMUM

Four 32bit single precision floating point values as described in :STATis-

tics:MAXimum:ALL? [<Triggered>][,<MProbe>].

ARITHMETIC MEAN

Four 32bit single precision floating point values as described in :STATistics:MEAN:ALL?

[<Triggered>][,<MProbe>].

ROOT MEAN SQUARE

Four 32bit single precision floating point values as described in :STATistics:RMS:ALL?

[<Triggered>][,<MProbe>].

STANDARD DEVIATION

Four 32bit single precision floating point values as described in :STATis-

tics:SDEViation:ALL? [<Triggered>][,<MProbe>].

BINS

N 32bit single precision floating point values as described in :STATistics:BINary? [<Trig-

gered>][,<MProbe>].
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HISTOGRAM, X

N 64bit unsigned integer values as described in :STATistics:HISTogram:X? [<Trig-

gered>][,<MProbe>].

HISTOGRAM, Y

N 64bit unsigned integer values as described in :STATistics:HISTogram:Y? [<Trig-

gered>][,<MProbe>].

HISTOGRAM, Z

N 64bit unsigned integer values as described in :STATistics:HISTogram:Z? [<Trig-

gered>][,<MProbe>].

HISTOGRAM,MAGNITUDE

N 64bit unsigned integer values as described in :STATistics:HISTogram:MAGnitude?

[<Triggered>][,<MProbe>].

RELATIVE PROBABILITY, X

N 32bit single precision floating point values as described in :STATistics:PDF:X? [<Trig-

gered>][,<MProbe>].

RELATIVE PROBABILITY, Y

N 32bit single precision floating point values as described in :STATistics:PDF:Y? [<Trig-

gered>][,<MProbe>].

RELATIVE PROBABILITY, Z

N 32bit single precision floating point values as described in :STATistics:PDF:X? [<Trig-

gered>][,<MProbe>].

RELATIVE PROBABILITY,MAGNITUDE

N32bit single precision floating point values as described in :STATistics:PDF:MAGnitude?

[<Triggered>][,<MProbe>].

RELATIVE CUMULATIVE PROBABILITY, X

N 32bit single precision floating point values as described in :STATistics:CDF:X? [<Trig-

gered>][,<MProbe>].

RELATIVE CUMULATIVE PROBABILITY, Y

N 32bit single precision floating point values as described in :STATistics:CDF:Y? [<Trig-

gered>][,<MProbe>].

RELATIVE CUMULATIVE PROBABILITY, Z

N 32bit single precision floating point values as described in :STATistics:CDF:X? [<Trig-

gered>][,<MProbe>].

RELATIVE CUMULATIVE PROBABILITY,MAGNITUDE

N32bit single precision floating point values as described in :STATistics:CDF:MAGnitude?

[<Triggered>][,<MProbe>].

RELATIVE COMPLEMENTARY CUMULATIVE PROBABILITY, X

N 32bit single precision floating point values as described in :STATistics:CCDF:X? [<Trig-

gered>][,<MProbe>].
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RELATIVE COMPLEMENTARY CUMULATIVE PROBABILITY, Y

N 32bit single precision floating point values as described in :STATistics:CCDF:Y? [<Trig-

gered>][,<MProbe>].

RELATIVE COMPLEMENTARY CUMULATIVE PROBABILITY, Z

N 32bit single precision floating point values as described in :STATistics:CCDF:X? [<Trig-

gered>][,<MProbe>].

RELATIVE COMPLEMENTARY CUMULATIVE PROBABILITY,MAGNITUDE

N 32bit single precision floating point values as described in :STATis-

tics:CCDF:MAGnitude? [<Triggered>][,<MProbe>].

10.8 :MProbe Commands

10.8.1 :MProbe:FPSerial <MProbe>,<Probe1>[,<Probe2>,...,<ProbeN>]

Define aMultiprobe system by specifying one ormultiple E-Field Probe serial numbers. The old syn-

tax "MProbe:SET <MProbe>,<Probe1>[,<Probe2>,...,<ProbeN>]" remains supported.

PARAMETERS:

The first unsigned integer parameter MProbe sets the Multiprobe system number for a Multi-

probe setup. MProbemust be greater that zero.

The following unsigned integer parameters Probe1 through ProbeN specify the E-Field Probe

serial numbers for each E-Field Probe in a Multiprobe setup. The number of E-Field Probes

in a Multiprobe setup is determined by the Number of probes specified and must be greater

than zero. E.g. a four probe setup requires Probe1 through Probe4 to be specified. Probe serial

numbersmust be set to oneof the active probes queried via :MEASure[:FProbe]:SERialnumber?

[<MProbe>], unknown probe serial numbers will cause the command to fail.

10.8.2 :MProbe:FPSerial? <MProbe>

Query E-Field Probe serial number(s) for Multiprobe systems. This command is an alias of :MEA-

Sure[:FProbe]:SERialnumber? [<MProbe>] when used with an MProbe parameter. The old syntax

"MProbe:GET? <MProbe>" remains supported.

PARAMETERS:

The unsigned integer parameter MProbe specifies the Multiprobe sys-

tem number defined either automatically for setup number 0, or via

:MProbe:FPSerial <MProbe>,<Probe1>[,<Probe2>,...,<ProbeN>] or :MProbe:CISerial

<MProbe>,<Ci1>[,<Ci2>,...,<CiN>] for setup numbers greater than zero.

RETURN VALUES:

Comma-separated list of unsigned integers indicating the E-Field Probe serial numbers set for

the Multiprobe system specified by the parameter MProbe. NAN will be returned instead of
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probe serial numbers if the specified Multiprobe system has not been configured correctly, a

configured E-Field Probe is off, in start-up or if there is no valid calibration data for a specified

E-Field Probe.

10.8.3 :MProbe:CISerial <MProbe>,<Ci1>[,<Ci2>,...,<CiN>]

Define a Multiprobe system by specifying one or multiple Computer Interface serial numbers. The

old syntax "MProbe:SETCi <MProbe>,<Ci1>[,<Ci2>,...,<CiN>]" remains supported.

PARAMETERS:

The first unsigned integer parameter MProbe sets the Multiprobe system number for a Multi-

probe setup. MProbemust be greater that zero.

The following unsigned integer parameters Ci1 through CiN specify the Computer Interface

serial numbers of a Multiprobe setup. The number of E-Field Probes in a Multiprobe setup is

determined by the Number of probes specified andmust be greater than zero. E.g. a four probe

setup requires Ci1 through Ci4 to be specified. Computer Interface serial numbers must be

set to one of the enumerated Computer Interfaces queried via :SYSTem:CISerial? [<MProbe>]

unknown Computer Interface serial numbers will cause the command to fail. The command

does not depend on the state of the E-Field Probes. Specifically, the supply laser(s) need not be

enabled for the command to produce a valid setup.

10.8.4 :MProbe:CISerial? <MProbe>

Query Computer Interface serial number(s) for Multiprobe systems. This command is an alias

of :SYSTem:CISerial? [<MProbe>] when used with an MProbe parameter. The old syntax

"MProbe:GETCi? <MProbe>" remains supported.

PARAMETERS:

The unsigned integer parameter MProbe specifies the Multiprobe sys-

tem number defined either automatically for setup number 0, or via

:MProbe:FPSerial <MProbe>,<Probe1>[,<Probe2>,...,<ProbeN>] or :MProbe:CISerial

<MProbe>,<Ci1>[,<Ci2>,...,<CiN>] for setup numbers greater than zero.

RETURN VALUES:

Comma-separated list of unsigned integers indicating the Computer Interface serial numbers

for theMultiprobe system specified by the parameterMProbe. NANwill be returned instead of

the probe serial number if the specifiedMultiprobe systemhas not been configured. The output

of the commanddoes not dependon the state of thefield probes. Specifically, the supply laser(s)

need not be enabled for the command to return a valid result.

10.8.5 :MProbe:AMAGnitude? <Triggered>,<MProbe>[,<RProbe>]

Query averagedmagnitude of aMultiprobe system.
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PARAMETERS:

The first parameter Triggered is used to select the source of statistics data. If set to zero snap-

shots of continuously collected data will be used for averaged magnitude calculation. If set to

one triggeredwaveform data will be used to calculate the averagedmagnitude.

The second parameter MProbe specifies the total number of E-Field Probes in the Multiprobe

systemwhose averagedmagnitude is to be calculated.

The third optional parameter specifies the number of reference probes RProbe used in theMul-

tiprobe system. If omitted no reference probeswill be used. The last RProbe E-Field Probes are

used as reference probes.

RETURN VALUES:

RProbe plus one float-valued E-fieldmagnitude valueswill be returned. The first value is gener-

ated by calculating the arithmetic mean of the arithmetic mean of all magnitude values for the

firstMProbeminus RProbe E-Field Probes. The following RProbe floating point values give the

arithmetic mean of the reference probes’ arithmetic mean their respectivemagnitude values.

NANwill be returned if theMultiprobe system setup is invalid, a E-Field Probe is off, a probe is

in start-up, there is no snapshot data available or if the statistical data could not be computed.

10.8.6 :MProbe:MAXStatistics? <Triggered>,<MProbe>

Querymaximum E-field statistics summary of aMultiprobe system.

PARAMETERS:

The first parameter Triggered is used to select the source of statistics data. If set to zero snap-

shots of continuously collected data will be used for statistical summary calculation. If set to

one triggeredwaveform data will be used to calculate the statistical summary.

The second parameter MProbe specifies the total number of E-Field Probes in the Multiprobe

systemwhose statistical summary is to be calculated.

RETURN VALUES:

List of twelve 32bit single precision floating point values containing the following statistics:

• The arithmetic mean of the maximum x-axis E-field component values of every probe in

the specifiedMultiprobe system.

• The arithmetic mean of the maximum y-axis E-field component values of every probe in

the specifiedMultiprobe system.

• The arithmetic mean of the maximum z-axis E-field component values of every probe in

the specifiedMultiprobe system.
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• The arithmetic mean of the maximum x-, y- and z-axis E-field component values of every

probe in the specifiedMultiprobe system.

• The standard deviation of themaximum x-axis E-field component values of every probe in

the specifiedMultiprobe system.

• The standard deviation of themaximumy-axis E-field component values of every probe in

the specifiedMultiprobe system.

• The standard deviation of themaximum z-axis E-field component values of every probe in

the specifiedMultiprobe system.

• The standard deviation of the maximum x-, y- and z-axis E-field component values of

every probe in the specifiedMultiprobe system.

• The standard deviation in dB of the maximum x-axis E-field component values of every

probe in the specifiedMultiprobe system.

• The standard deviation in dB of the maximum y-axis E-field component values of every

probe in the specifiedMultiprobe system.

• The standard deviation in dB of the maximum z-axis E-field component values of every

probe in the specifiedMultiprobe system.

• The standard deviation in dB of themaximum x-, y- and z-axis E-field component values of

every probe in the specifiedMultiprobe system.

NANwill be returned if theMultiprobe systemsetup is invalid, anyE-FieldProbeof the specified

system is off, a probe is in start-up, there is no snapshot data available or if the statistical data

could not be computed.

10.9 :VIRTual Computer Interface Commands

10.9.1 :VIRTual:CISerial?

Query serial numbers of connected virtual Computer Interfaces.

RETURN VALUES:

Unsigned integer-valued comma-separated list of all connected virtual Computer Interface se-

rial numbers. If no virtual Computer Interfaces have been enumerated the commandwill return

NAN.
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10.9.2 :VIRTual:CONnect [<CI>]

Connect a new virtual Computer Interface.

PARAMETER:

The optional unsigned integer parameter CI specifies the serial number of the virtual Computer

Interface. If omitted the default serial number is set to 1.

10.9.3 :VIRTual:DISConnect

Disconnect currently active Computer Interface if it is a virtual Computer Interface.

10.9.4 :VIRTual:FPSerial <Value>

Set virtual E-Field Probe serial number for currently selected virtual Computer Interface.

PARAMETER:

Theoptional unsigned integer parameterValue sets thedesired virtual E-fieldProbe serial num-

ber. The default value is 1.

10.9.5 :VIRTual:FPSerial?

Query E-Field Probe serial number for currently selected virtual Computer Interface.

RETURN VALUE:

The command returns the unsigned integer value giving the virtual Field Probe’s serial number.

NAN is returned if the virtual Field Probe is off, in start-up or if the currently active Computer

Interface is not virtual.

10.9.6 :VIRTual:TEMPerature <Temperature>

Set E-Field Probe internal temperature for the currently selected virtual Computer Interface.

PARAMETER:

The float valued temperature in °C sets the internal temperature of the virtual E-Field Probe.

The default is 40 °C.

10.9.7 :VIRTual:TEMPerature?

Query E-Field Probe internal temperature of the currently selected virtual Computer Interface.

RETURN VALUE:

The command returns the virtual Field Probe’s temperature in °C. NAN is returned if the active

CI is not virtual.
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10.9.8 :VIRTual:VOLTage <Voltage>

Set E-Field Probe supply voltage for the currently selected virtual Computer Interface.

PARAMETER:

The float-valued voltage in V sets the supply voltage of the virtual E-Field Probe. The default is

2.1V.

10.9.9 :VIRTual:VOLTage?

Query virtual E-Field Probe supply voltage.

RETURN VALUE:

The command returns the float-valued virtual E-Field Probe supply voltage value in V. NANwill

be returned if the active CI is not virtual.

10.9.10 :VIRTual:ACCeleration <ACCx>,<ACCy>,<ACCz>

Set the x-, y- and z-axis acceleration values for the currently selected virtual E-Field Probe.

PARAMETERS:

The three float-valued parameters set the acceleration values in gee for the virtual E-Field

Probe. The default values are 0.

10.9.11 :VIRTual:ACCeleration?

Query the x-, y- and z-axis acceleration values for the currently selected virtual E-Field Probe.

RETURN VALUES:

The command returns a comma-separated list of three float values giving the x-, y- and z-axis

acceleration in gee. NANwill be returned if the active CI is not virtual.

10.9.12 :VIRTual:CW<RSSIx>,<RSSIy>,<RSSIz>

Set x-, y- and z-axis CWRSSI value of the currently selected virtual E-Field Probe.

PARAMETERS:

The three unsigned integer parameters x-, y- and z-axis RSSI value set the signal strength indi-

cated by the virtual Field Probe’s ADCs. The default values are 0.
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10.9.13 :VIRTual:CW?

Query the x-, y- and z-axis RSSI values of the currently selected virtual E-Field Probe.

RETURN VALUES:

The command returns a comma-separated list of three unsigned integer values giving the x-, y-

and x-axis RSSI values. NANwill be returned if the active CI is not virtual.

10.9.14 :VIRTual:NOIse <NOISEx>,<NOISEy>,<NOISEz>

Set themaximum added noise amplitude of the currently selected virtual E-Field Probe.

PARAMETERS:

The three unsigned integer parameters x-, y- and z-axis NOISE set the maximum added RSSI

value noise amplitude. The time-average of the values is zero. Ranges are distributed evenly

between -1 times the given amplitudes and +1 times the given amplitudes. The default values

are 0.

10.9.15 :VIRTual:NOIse?

Query the x-axis, y-axis and z-axis RSSI amplitude of the currently selected virtual E-Field Probe.

RETURN VALUES:

The command returns a comma-separated list of three unsigned integer values giving the max-

imum amplitude of added x-, y-, and z-axis noise in LSB. NAN will be returned if the active CI is

not virtual.

10.9.16 :VIRTual:PULse [<RSSIx>],[<RSSIy>],[<RSSIz>],[<T>],[<Ton>]

Set the parameters of the virtual pulse signal for currently selected virtual E-Field Probe.

PARAMETERS:

RSSIX

unsigned integer value setting the x-axis RSSI pulse value

RSSIY

unsigned integer value setting the y-axis RSSI pulse value

RSSIZ

unsigned integer value setting the z-axis RSSI pulse value

T

unsigned integer value setting the pulse period expressed as a number of samples
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TON

unsigned integer value setting the ON-time at the beginning of reach pulse period ex-

pressed as a number of samples

10.9.17 :VIRTual:PULse?

Query the pulse parameters of the currently selected virtual E-Field Probe.

RETURN VALUES:

The command returns a comma-separated list offiveunsigned integer values as described in the

parameter’s description of :VIRTual:PULse [<RSSIx>],[<RSSIy>],[<RSSIz>],[<T>],[<Ton>]. NAN

will be returned if the active CI is not virtual.

10.9.18 :VIRTual:ELIST <Ex1>,<Ey1>,<Ez1>[,...,<ExN>,<EyN>,<EzN> ]

Append sets of x-, y- z-axis E-field values to list of the currently selected virtual E-Field Probe.

PARAMETERS:

Multiples of three float-valued E-field strengths, specifying x-, y- and z-axis E-field values. The

command accepts up to tree times 256 values. The E-field values are converted to RSSI values

using the currently set mode, frequency and temperature. RSSI values will not be adjusted if

either of these parameters is changed. E-field values exceeding the calibrated signal range will

be limited to themaximum orminimum calibrated value.

10.9.19 :VIRTual:LIST <RSSIx1>,<RSSIy1>,<RSSIz1>[,...,<RSSIxN>,<RSSIyN>,<RSSIzN> ]

Append sets of x-, y- z-axis RSSI values to list of the currently selected virtual E-Field Probe.

PARAMETERS:

Multiples of three integer-valued RSSI, specifying x-, y- and z-axis RSSI values. The command

accepts up to tree times 256 values.

10.9.20 :VIRTual:LIST?

Query the list of arbitrary RSSI values the currently selected virtual E-Field Probe.

RETURN VALUES:

The command returns a comma separated, unsigned integer list of all x-,y- z-axis RSSI values of

the arbitrary E-field value list. NAN will be returned if the active CI is not virtual or the list is

empty.
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10.9.21 :VIRTual:LCNt?

Query number of samples in arbitrary E-field values list of the currently selected virtual E-Field

Probe.

RETURN VALUE:

Unsigned integer-valued number of E-field samples in arbitrary E-field value list. NAN will be

returned if the active CI is not virtual.

10.9.22 :VIRTual:LCLear

Clear arbitrary arbitrary E-field value list of the currently selected virtual E-Field Probe.

10.10 :STReamRecording Commands

10.10.1 :STReam:MAster <State>

Set currently selected Computer Interface to be the master Computer Interface for stream record-

ing.

PARAMETER:

Setting State to 1makes the current Computer Interface themaster during stream recording. A

State of 0 makes the Computer Interface a slave during stream recording, i.e. stream synchro-

nization is controlled by a different Computer Interface.

10.10.2 :STReam:MAster? [<MProbe>]

Querymaster/slave status of the currently active Computer Interface during stream recording.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns an unsigned integer value containing the stream recording master/slave

status of the currently active Computer Interface. Slaves return 0, themaster returns 1.

10.10.3 :STReam:LENgth <Length>[,<MProbe>]

Set number of samples to be recorded during stream recording for one or multiple E-Field Probes.

The parameter can only be set when stream recording is inactive.
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PARAMETERS:

The unsigned integer-valued parameter of the command specifies the number of consecutive

samples to be streamed. E.g. »:STReam:len 100« will record 100 consecutive samples. Setting

Length to zero configures indefinite streaming, i.e. streaming needs to be terminated by issuing

a :STReam:ENable? [<MProbe>] command.

The second, optional unsigned integer parameterMProbe is described in Section 10.1.

10.10.4 :STReam:LENgth? [<MProbe>]

Query number of stream samples to be recorded for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns the unsigned integer-valued number of samples to be streamed as spec-

ified using the :STReam:LENgth <Length>[,<MProbe>] command. A value of zero indicates in-

definite streaming. If executed for multiple Computer Interfaces the command returns a list of

unsigned integer-valued lengths of the number of streaming samples for each E-Field Probe of

the list specified by theMProbe parameter.

10.10.5 :STReam:ENable <State>[,<MProbe>]

Enable or disable stream recording for one ormultiple E-Field Probes.

PARAMETERS:

Setting State to 1 activates stream recording, creating a new stream file for each addressed

Computer Interface. Setting State to 0 disables stream recording and close the associated

stream file(s). See Section 11.2.4 for details about the stream file format.

The second, optional unsigned integer parameterMProbe is described in Section 10.1.

10.10.6 :STReam:ENable? [<MProbe>]

Query status of stream recording for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns an unsigned integer value containing the stream recording status. A

value of 1 is returned when stream data acquisition is enabled, 0 is returned if stream data ac-

quisition is disabled.
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10.10.7 :STReam:PROgress? [<MProbe>]

Query number of samples in current stream recording for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameter MProbe determines the Multiprobe behavior of the

command as described in the parameter of :SYSTem:CISerial? [<MProbe>].

RETURN VALUE:

The command returns an signed integer value giving the number of samples that have been

recorded for the selected Computer Interface since the start of stream recording.

10.10.8 :STReam:SKIp <Value>[,<MProbe>]

Set number of strea samples to be skipped for one or multiple E-Field Probes. Parameter may only

be set if stream data acquisition is disabled.

PARAMETERS:

The unsigned integer-valued parameter specifies the number of samples used to compute an

averaged stream sample. E.g. »:stream:avg 100« will compute for every recorded 100 samples

an averaged value and log this value to file. A value of one indicates no averaging occurs.

The second, optional unsigned integer parameterMProbe is described in Section 10.1.

10.10.9 :STReam:SKIp? [<MProbe>]

Query number of strea samples to be skipped for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns the unsigned integer-valued number of samples to be skipped after

recording a sample during stream recording, it corresponds to the value set using :STReam:SKIp

<Value>[,<MProbe>]. If executed for multiple Computer Interfaces the command returns a list

of unsigned integer-valued average values for each E-Field Probe of the respective list.

10.10.10 :STReam:PREfix <String>[,<MProbe>]

Set file prefix for stream recording for one ormultiple E-Field Probes. The parameter can only be set

when stream recording is disabled.

PARAMETERS:

Stringparameterwithout quotes specifying the stream logfile prefix. Stringmaynot exceed127
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characters. Thedefault value is set to "stream". E.g. »:str:pre "streamFile"«will result in a logfiles

named "streamFile_PP_YYYYMMDD_hhmmss_msmsms.csv" to be savedwhen enabling stream

recording. See Section 11.2.4 for a detailed description of stream file naming conventions and

the stream file format.

The second, optional unsigned integer parameterMProbe is described in Section 10.1.

10.10.11 :STReam:PREfix? [<MProbe>]

Query file prefix for stream recording for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.

RETURN VALUE:

The command returns a string valuewithout quotes specifying the set stream log file prefix, see

:STReam:PREfix <String>[,<MProbe>] for more details. If executed for multiple Computer In-

terfaces the command returns a list of string values containing the value for each E-Field Probe

of the respective list.

10.10.12 :STReam:SYNC <Sync>[,<MProbe>]

Set synchronization source for stream recording for one ormultiple E-Field Probes.

PARAMETERS:

String parameter without quotes specifying the synchronization source, valid values are OFF,

EXT and EXT2. When set to OFF stream recording will start immediately upon enabling us-

ing the »:STReam:ENable <State>[,<MProbe>]« command. When set to EXT the Computer In-

terface’s BNC connector will be used to synchronize stream recoding slaves with the stream

recording master. When set to EXT2 the Computer Interface’s RJ45 socket will be used to syn-

chronize stream recoding slaves with the stream recording master. When set to EXT or EXT2

the slave/master status set using the »:STReam:MAster <State>« command determines the in-

put/output configuration of the respective connector.

The second, optional unsigned integer parameterMProbe is described in Section 10.1.

10.10.13 :STReam:SYNC? [<MProbe>]

Query synchronization source for stream recording for one ormultiple E-Field Probes.

PARAMETER:

The optional unsigned integer parameterMProbe is described in Section 10.1.
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RETURN VALUE:

The command returns a string value without quotes specifying the set stream synchronization

source, see :STReam:SYNC <Sync>[,<MProbe>] for more details. If executed for multiple Com-

puter Interfaces the command returns a list of string values containing thevalue for eachE-Field

Probe of the respective list.
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11 File Formats

All data used by the LSProbe TCP Server andGUI are stored in the form of tabulator-separated plain

ASCII text files. The uniform file extension is ✳❝s✈. Lines are separated by newline characters (ASCII

code ✵①❛), columns are separated by tabulators.

Numbers are expressed as plain decimal integers, as floating point numbers using “.” as the decimal

separator, or in exponential format using “.” as the decimal separator and “e” as the exponential sepa-

rator, e.g. “1.2e3” encoding a value of 1,200.

In all examples given below “⊣” denotes a tabulator, a newline character, and “⤦” a line wrap
indicating that the contents of the next line in this document belong to the same line of the ✳❝s✈ file.

11.1 LSProbe GUI Log Files

The creation time and E-Field Probe serial number of all log files is saved by attaching a time string

formatted as “_N_YYYYMMDD_hhmmss_SSS” to a file’s base name. “N”,“YYYY”, “MM”, “DD”, “hh”,

“mm”, “ss’ and “SSS” denote E-Field Probe serial number, year, month, day, hour, minute, second and

millisecond of log file creation with their respective number of digits. The number of digits used for

the E-Field Probe serial number depends on the numeric value of the serial number.

The first line of all log files contains a header starting with a hash mark (#), which describes the con-

tents of each column in the remainder of the file.

11.1.1 Basic Data Logger

Thefile format for all basic logfiles contains at least 13 columns describedwith their columnheaders

and unit values in the table below.

Continuous loggingwill add one line for for every newly polled set of values. If more than one E-Field

Probe are present one log file will be created for every E-Field Probe.

If a log file is created using the GUI’s “Quick Save” button all presently displayed values of the active

E-Field Probewill be saved to a newly created file.

Column Header Unit Description

1 t s Timestamp expressed as a floating point number of seconds since

1904/01/01 00:00:00 UTC

2 Mode Measurementmode, see Table 1, page 17

3 f Hz Compensation frequency

4 Ex V/m x-axis component of E-field

5 Ey V/m y-axis component of E-field

6 Ez V/m z-axis component of E-field
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Column Header Unit Description

7 Emag V/m E-fieldmagnitude

8 fLpE Hz E-field low pass filter frequency

9 ACCx gee x-axis acceleration inmultiples of 9.81m/s2

10 ACCy gee y-axis acceleration inmultiples of 9.81m/s2

11 ACCz gee z-axis acceleration inmultiples of 9.81m/s2

12 fLpACC Hz E-field low pass filter frequency

13 T °C Temperature inside the E-Field Probe

14 RSSIx LSB x-axis raw RSSI value, optional

15 RSSIy LSB y-axis raw RSSI value, optional

16 RSSIz LSB z-axis raw RSSI value, optional

EXAMPLE OF BASIC LOG FILE:

★t ⊣▼♦❞❡ ⊣❢⊣❊① ⊣❊② ⊣❊③ ⊣❊♠❛❣ ⊣❢▲♣❊ ⊣❆❈❈① ⊣❆❈❈② ⊣❆❈❈③ ⊣❢▲♣❆❈❈ ⊣❚⊣⤦
❘❙❙■①⊣❘❙❙■②⊣❘❙❙■③

✸✺✻✾✷✷✾✻✼✽✳✽✼✹ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✵✳✶✺✺✸✺✷ ⊣✵✳✷✺✽✵✾✽ ⊣✵✳✷✵✹✸✵✽ ⊣✵✳✸✻✸✾✾✸⤦
⊣✵⊣ ✲✵✳✵✷✸✽✶ ⊣✲✵ ⊣✵✳✾✶✻✻✻✼ ⊣✵⊣✸✵✳✵✻✷✺⊣✷✼✷✾ ⊣✸✶✸✶ ⊣✷✼✽✽

✸✺✻✾✷✷✾✻✼✽✳✾✶✵ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✵✳✶✼✷✼✾✹ ⊣✵✳✷✸✷✷✽⊣✵✳✷✸✵✽✻✾ ⊣✵✳✸✼✵✷✽✼ ⊣✵⤦
⊣ ✲✵✳✵✶✶✾✵✺⊣✲✵ ⊣✵✳✾✺✷✸✽✶ ⊣✵⊣✸✵✳✵✻✷✺⊣✷✼✾✵ ⊣✸✵✹✷ ⊣✷✽✽✶

11.1.2 Field ScopeData Logger

Thefile format for allfield scope logfiles contains at least seven columns describedwith their column

headers and unit values in the table below.

Continuous loggingwill create a new logfile for every newly recorded set ofwaveforms. Ifmore than

one E-Field Probe are present one log file will be created for every E-Field Probe.

If a log file is created using the GUI’s “Quick Save” button all presently displayed values of the active

E-Field Probewill be saved to a newly created file.

Column Header Unit Description

1 Mode Measurementmode, see Table 1, page 17

2 f Hz Compensation frequency

3 Ex V/m x-axis component of E-field

4 Ey V/m y-axis component of E-field

5 Ez V/m z-axis component of E-field
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Column Header Unit Description

6 Emag V/m E-fieldmagnitude

7 Frame Frame indicator, Frame is identical for waveform values belonging to

the same burst frame, valid values are 0 and 1

8 RSSIx LSB x-axis raw RSSI value, optional

9 RSSIy LSB y-axis raw RSSI value, optional

10 RSSIz LSB z-axis raw RSSI value, optional

EXAMPLE OF FIELD SCOPE LOG FILE:

★▼♦❞❡⊣❢⊣❊① ⊣❊② ⊣❊③ ⊣❊♠❛❣ ⊣❋r❛♠❡⊣❘❙❙■①⊣❘❙❙■②⊣❘❙❙■③
✵⊣✶✵✵✵✵✵✵✵✵⊣✶✳✸✺✺✶✺✷ ⊣✸✳✶✶✾✷✾✶ ⊣✵✳✷✷✽✻✽✼ ⊣✸✳✹✵✽✻✷✸ ⊣✶⊣✺✵✷✵ ⊣✻✵✻✹ ⊣⤦

✷✽✼✸

✵⊣✶✵✵✵✵✵✵✵✵⊣✶✳✸✻✼✹✻✻ ⊣✸✳✶✹✶✾✼✺ ⊣✵✳✶✾✽✷✾⊣✸✳✹✸✷✸✽✾ ⊣✶⊣✺✵✸✶ ⊣✻✵✼✸ ⊣⤦
✷✼✻✼

11.1.3 Radar Data Logger

Thefile format for all radar logfiles contains at least 13 columns describedwith their columnheaders

and unit values in the table below. The number of columns is dependent on the number of detected

pulses for all component and magnitude E-field values. For every pulse a pair of columns consisting

of the sample index of the start of the pulse andmaximumE-field value for the pulse will be added to

the radar log file. First, Nx value pairs for the x-axis component values will be added, followed byNy,

Nz and Nmag value pairs for the other component’s and magnitude’s values. The pulse counts Nx,

Ny, Nz andNmag are given in columns 10 through 13.

Continuous loggingwill create a new line in the log file for every newly recorded set of waveforms. If

more than one E-Field Probe are present one log file will be created for every E-Field Probe.

If a log file is created using the GUI’s “Quick Save” button all presently displayed values of the active

E-Field Probewill be saved to a newly created file.

Column Header Unit Description

1 t s Timestamp expressed as a floating point number of seconds since

1904/01/01 00:00:00 UTC

2 Mode Measurementmode, see Table 1, page 17

3 f Hz Compensation frequency

4 Ex V/m Arithmetic mean of all pulses’ x-axis component E-fieldmaximums

5 Ey V/m Arithmetic mean of all pulses’ y-axis component E-fieldmaximums
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Column Header Unit Description

6 Ez V/m Arithmetic mean of all pulses’ z-axis component E-fieldmaximums

7 Emag V/m Arithmetic mean of all pulses’ E-fieldmagnitudemaximums

8 Samp Number of samples in waveforms evaluated for radar detection

9 Th V/m Threshold value for radar pulse detection, set to zero for automatic

detection threshold

10 CNTx Number of pulses detected for x-axis component of E-field

11 CNTy Number of pulses detected for y-axis component of E-field

12 CNTz Number of pulses detected for z-axis component of E-field

13 CNTmag Number of pulses detected for E-fieldmagnitude

14... IDXxN Sample index of Nth x-axis pulse

15... ExN V/m Nth x-axis pulse’s maximum E-field strength

14... IDXyN Sample index of y-axis pulse number Py

15... EyN V/m Nth y-axis pulse’s maximum E-field strength

14... IDXzN Sample index of z-axis pulse number Pz

15... EzN V/m Nth z-axis pulse’s maximum E-field strength

14... IDXmagN Sample index of magnitude pulse number Pmag

15... EmagN V/m Nth E-fieldmagnitude pulse’s maximum E-field strength

EXAMPLE OF RADAR LOG FILE:

★t ⊣▼♦❞❡ ⊣❢⊣❊① ⊣❊② ⊣❊③ ⊣❊♠❛❣ ⊣❙❛♠♣ ⊣❚❤ ⊣❈◆❚① ⊣❈◆❚② ⊣❈◆❚③ ⊣❈◆❚♠❛❣ ⊣⤦
■❉❳①◆⊣❊①◆⊣■❉❳②◆⊣❊②◆⊣■❉❳③◆⊣❊③◆⊣■❉❳♠❛❣◆⊣❊♠❛❣◆

✸✺✻✺✷✺✻✼✸✵✳✻✽✼ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✶✳✷✻✼✷✻⊣✶✳✸✵✶✻✻⊣✵✳✽✻✷✵✶✽ ⊣✶✳✽✹✼✹✷⊣✶✵✵✵✵⤦
⊣✵⊣✷⊣✹⊣✹⊣✹⊣✹✼✺✷ ⊣✶✳✷✻✺✼ ⊣✾✼✺✷ ⊣✶✳✷✻✽✽✷⊣✾✶✻⊣✶✳✺✶✵✷✶⊣✹✼✺✸ ⊣⤦
✶✳✵✾✶✹✻⊣✺✾✶✻ ⊣✶✳✺✶✷✻✽⊣✾✼✺✸ ⊣✶✳✵✾✷✸ ⊣✾✶✻⊣✶✳✵✷✽✾✸⊣✹✼✺✸ ⊣✵✳✻✾✹✻✵✾⤦
⊣✺✾✶✻ ⊣✶✳✵✸✷✸✹⊣✾✼✺✸ ⊣✵✳✻✾✷✶✾⊣✾✶✻⊣✶✳✾✵✺✽✷⊣✹✼✺✷ ⊣✶✳✼✽✻✽✹⊣✺✾✶✻ ⊣⤦

✶✳✾✵✼✵✹⊣✾✼✺✷ ⊣✶✳✼✽✾✾✾
✸✺✻✺✷✺✻✼✺✸✳✶✵✶ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✶✳✷✻✼✷✻⊣✶✳✸✵✶✻✻⊣✶✳✵✶✽✷✷⊣✶✳✽✹✼✹✷⊣✶✵✵✵✵⊣✶⤦
⊣✷⊣✹⊣✶✾ ⊣✹⊣✹✼✺✸ ⊣✶✳✷✻✺✼ ⊣✾✼✺✸ ⊣✶✳✷✻✽✽✷⊣✾✶✼⊣✶✳✺✶✵✷✶⊣✹✼✺✹ ⊣⤦
✶✳✵✾✶✹✻⊣✺✾✶✼ ⊣✶✳✺✶✷✻✽⊣✾✼✺✹ ⊣✶✳✵✾✷✸ ⊣✾✶✼⊣✶✳✵✷✶✷✾⊣✾✷✺⊣✶✳✵✶✷✵✸⊣✾✸✶⤦
⊣✶✳✵✵✾✺✶⊣✾✸✸⊣✶✳✵✷✽✵✽⊣✾✹✾⊣✶✳✵✵✸✻✽⊣✾✺✶⊣✶✳✵✷✷✾✽⊣✾✺✺⊣✶✳✵✵✷✵✷⊣✾✺✼⊣⤦
✶✳✵✷✽✾✸⊣✾✻✹⊣✶✳✵✶✵✸✺⊣✺✾✶✼ ⊣✶✳✵✸✷✸✹⊣✺✾✷✹ ⊣✶✳✵✷✷✾✽⊣✺✾✸✸ ⊣✶✳✵✷✾✼✽⊣⤦
✺✾✸✻ ⊣✶✳✵✶✼✵✼⊣✺✾✹✵ ⊣✶✳✵✷✻✸✽⊣✺✾✺✵ ⊣✶✳✵✵✽✻✽⊣✺✾✺✷ ⊣✶✳✵✷✺✺✸⊣✺✾✺✽ ⊣⤦
✶✳✵✷✷✾✽⊣✺✾✻✶ ⊣✶✳✵✶✹✺✹⊣✺✾✻✻ ⊣✶✳✵✵✼✵✶⊣✾✶✻⊣✶✳✾✵✺✽✷⊣✹✼✺✷ ⊣✶✳✼✽✻✽✹⊣⤦
✺✾✶✻ ⊣✶✳✾✵✼✵✹⊣✾✼✺✷ ⊣✶✳✼✽✾✾✾
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11.1.4 Statistics Data Logger

The file format for all statistics log files contains at least 32 columns described with their column

headers and unit values in the table below. The number of columns is dependent on the number

of E-field strength bins in the recorded histogram, there is at least one bin in the histogram. For

every bin four columns consisting of the number of x-, y-, z-axis andmagnitude samples detected for

the corresponding bin will be added to the radar log file. The number of bins is specified in column

number 28.

Continuous logging will add a new line to the log file for every newly recorded statistics snapshot. If

more than one E-Field Probe are present one log file will be created for every E-Field Probe.

If a log file is created using the GUI’s “Quick Save” button all presently displayed values of the active

E-Field Probewill be saved to a newly created file.

Column Header Unit Description

1 t s Timestamp expressed as a floating point number of seconds since

1904/01/01 00:00:00 UTC

2 Mode Measurementmode, see Table 1, page 17

3 f Hz Compensation frequency

4 Type Statistics type, 0 for continuous statistics, 1 for triggered statistics

5 MINx V/m E-field x-axis component minimum

6 MINy V/m E-field y-axis component minimum

7 MINz V/m E-field z-axis component minimum

8 MINmag V/m E-fieldmagnitudeminimum

9 MAXx V/m E-field x-axis component maximum

10 MAXy V/m E-field y-axis component maximum

11 MAXz V/m E-field z-axis component maximum

12 MAXmag V/m E-fieldmagnitudemaximum

13 MEANx V/m E-field x-axis component arithmetic mean

14 MEANy V/m E-field y-axis component arithmetic mean

15 MEANz V/m E-field z-axis component arithmetic mean

16 MEANmag V/m E-fieldmagnitude arithmetic mean

17 RMSx V/m E-field x-axis component root mean square

18 RMSy V/m E-field y-axis component root mean square

19 RMSz V/m E-field z-axis component root mean square

20 RMSmag V/m E-fieldmagnitude root mean square

21 SDEVx V/m E-field x-axis component standard deviation
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Column Header Unit Description

22 SDEVy V/m E-field y-axis component standard deviation

23 SDEVz V/m E-field z-axis component standard deviation

24 SDEVmag V/m E-fieldmagnitude standard deviation

25 Samp Number of samples used for statistics evaluation

26 Res V/m E-field resolution for histogram output

27 Offs V/m E-field offset of minimum bin in histogram

28 Bins Number of bins in E-field value histogram

29... CNTxN Number of x-axis E-field values in Nth bin of histogram

30... CNTyN Number of y-axis E-field values in Nth bin of histogram

31... CNTzN Number of z-axis E-field values in Nth bin of histogram

32... CNTmagN Number of E-fieldmagnitude values in Nth bin of histogram

EXAMPLE OF STATISTICS LOG FILE:

★t ⊣▼♦❞❡ ⊣❢⊣❚②♣❡ ⊣▼■◆① ⊣▼■◆② ⊣▼■◆③ ⊣▼■◆♠❛❣ ⊣▼❆❳① ⊣▼❆❳② ⊣▼❆❳③ ⊣⤦
▼❆❳♠❛❣ ⊣▼❊❆◆①⊣▼❊❆◆②⊣▼❊❆◆③⊣▼❊❆◆♠❛❣⊣❘▼❙① ⊣❘▼❙② ⊣❘▼❙③ ⊣❘▼❙♠❛❣ ⊣⤦
❙❉❊❱①⊣❙❉❊❱②⊣❙❉❊❱③⊣❙❉❊❱♠❛❣⊣❙❛♠♣ ⊣❘❡s⊣❖❢❢s ⊣❇✐♥s ⊣❈◆❚①◆⊣❈◆❚②◆⊣⤦
❈◆❚③◆⊣❈◆❚♠❛❣◆

✸✺✻✺✷✻✶✷✵✺✳✻✵✺ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✵⊣✵✳✶✸✻✾✸⊣✵✳✵✶✻✵✹✷ ⊣✵✳✶✶✼✺✺✼ ⊣✵✳✷✶✸✻✼✸⤦
⊣✶✹✶✳✹✶✻✹✼✸ ⊣✸✽✳✼✷✺✼✻✺⊣✶✶✳✽✾✶✽✻✻⊣✶✹✻✳✻✸✾✶✼✺ ⊣✶✳✹✶✺✷✷✷ ⊣⤦

✵✳✹✹✼✼✺✺ ⊣✵✳✸✵✹✻✻✶ ⊣✶✳✺✼✷✷✷✸ ⊣✶✷✳✷✵✼✻✹✹⊣✸✳✹✾✾✶✻✸ ⊣✵✳✽✽✼✵✻✻ ⊣⤦
✶✷✳✼✸✵✸✻✻⊣✶✷✳✶✷✺✸✺✷⊣✸✳✹✼✵✹✵✸ ⊣✵✳✽✸✸✶✵✾ ⊣✶✷✳✻✸✷✾✷✼⊣✸✶✼✹✺✷ ⊣✸✵ ⊣⤦
✲✶ ⊣✸⊣✶✶✷✺ ⊣✸✶✸✸✽✺ ⊣✷✾✹✷ ⊣✸✵✺✹✸✻ ⊣✾✵✾✾ ⊣✷✾✶✼ ⊣✷✾✷✽✶⊣✷✽✺✻✹✵ ⊣⤦
✷✺✸✶ ⊣✵⊣✸✶✹✺✶✵ ⊣✷✾✹✷

✸✺✻✺✷✻✶✷✷✽✳✸✺✾ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✶⊣✵✳✶✻✶✵✻✺ ⊣✵✳✵✶✻✵✹✷ ⊣✵✳✶✷✼✷✵✹ ⊣⤦
✵✳✷✸✹✶✺✸ ⊣✶✷✻✳✼✻✺✶✾⊣✸✻✳✾✶✾✵✵✻⊣✶✵✳✹✵✺✶✾ ⊣✶✸✷✳✸✺✼✾✹✶ ⊣✶✳✸✾✻✼✽✸ ⊣⤦
✵✳✹✹✶✽✵✻ ⊣✵✳✸✵✹✽✼✺ ⊣✶✳✺✹✺✻✸⊣✶✶✳✾✸✾✼✶✹⊣✸✳✹✽✸✻✻✻ ⊣✵✳✾✽✻✾✺✷ ⊣⤦
✶✷✳✹✼✻✹✶✹⊣✶✶✳✽✺✽✸✷✸⊣✸✳✹✺✺✼✶⊣✵✳✾✸✽✼✸⊣✶✷✳✸✽✵✾✷✸⊣✶✵✵✵✵⊣✸✵ ⊣✲✶ ⊣✸⊣⤦
✷✾ ⊣✾✽✼✼ ⊣✾✹ ⊣✾✽✹✸ ⊣✻✸ ⊣✾✹ ⊣✶✵✵✺ ⊣✽✾✵✸ ⊣✾✷ ⊣✵⊣✾✾✵✻ ⊣✾✹

11.1.5 Multiprobe Data Logger

The file format for all statistics log files contains at least 19 columns described with their column

headers and unit values in the table below. The number of columns is dependent on the number of

E-Field Probes in a Multiprobe system. The system ID is stored in column number 18. The serial

numbers of all E-Field Probes in a Multiprobe system are stored in column 19 onward. There is at

least one E-Field Probe in aMultiprobe system.
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Continuous logging will add a new line for every newly recorded set ofMultiprobe statistics.

If a log file is created using the GUI’s “Quick Save” button all presently displayed values will be saved

to a newly created file.

Column Header Unit Description

1 t s Timestamp expressed as a floating point number of seconds since

1904/01/01 00:00:00 UTC

2 Mode Measurementmode, see Table 1, page 17

3 f Hz Compensation frequency

4 Type Multiprobe Statistics type, 0 for continuous statistics, 1 for triggered

statistics

5 AvgMag V/m Arithmetic mean of the arithmetic mean of all magnitude values for

all E-Field Probes in aMultiprobe system

6 MEANx V/m Arithmetic mean of E-field x-axis component maximum values for all

E-Field Probes in aMultiprobe system

7 MEANy V/m Arithmetic mean of E-field y-axis component maximum values for all

E-Field Probes in aMultiprobe system

8 MEANz V/m Arithmetic mean of E-field z-axis component maximum values for all

E-Field Probes in aMultiprobe system

9 MEANxyz V/m Arithmetic mean of E-field x-axis, y-axis and z-axis component maxi-

mum values for all E-Field Probes in aMultiprobe system

10 SDEVx V/m Standard deviation of E-field x-axis component maximum values for

all E-Field Probes in aMultiprobe system

11 SDEVy V/m Standard deviation of E-field y-axis component maximum values for

all E-Field Probes in aMultiprobe system

12 SDEVz V/m Standard deviation of E-field z-axis component maximum values for

all E-Field Probes in aMultiprobe system

13 SDEVxyz V/m Standard deviation of E-field x-axis, y-axis and z-axis component

maximum values for all E-Field Probes in aMultiprobe system

14 SDdBx V/m Standard deviation in dB of E-field x-axis component maximum val-

ues for all E-Field Probes in aMultiprobe system

15 SDdBy V/m Standard deviation in dB of E-field y-axis component maximum val-

ues for all E-Field Probes in aMultiprobe system

16 SDdBz V/m Standard deviation in dB of E-field z-axis component maximum val-

ues for all E-Field Probes in aMultiprobe system

17 SDdBxyz V/m Standard deviation in dB of E-field x-axis, y-axis and z-axis compo-

nent maximum values for all E-Field Probes in aMultiprobe system
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Column Header Unit Description

18 ID Multiprobe system ID

19... SernoN E-Field Probe serial number of Nth E-Field Probes in a Multiprobe

system

EXAMPLE OFMULTIPROBE LOG FILE:

★t ⊣▼♦❞❡ ⊣❢⊣❚②♣❡ ⊣❆✈❣▼❛❣ ⊣▼❊❆◆①⊣▼❊❆◆②⊣▼❊❆◆③⊣▼❊❆◆①②③⊣❙❉❊❱①⊣❙❉❊❱②⊣⤦
❙❉❊❱③⊣❙❉❊❱①②③⊣❙❉❞❇①⊣❙❉❞❇②⊣❙❉❞❇③⊣❙❉❞❇①②③⊣■❉ ⊣❙❡r♥♦◆

✸✺✻✺✷✻✶✾✼✸✳✻✷✶ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✵⊣✵✳✻✺✾✹✾✽ ⊣✽✳✶✻✺✽✷⊣✷✾✳✼✶✻✼⊣✶✾✳✽✽✸✽⊣⤦
✶✾✳✷✺✺✹⊣✵⊣✵⊣✵⊣✶✵✳✼✽✾✷⊣✵⊣✵⊣✵⊣✸✳✽✻✹✷✻⊣✶⊣✺

✸✺✻✺✷✻✶✾✼✸✳✻✷✶ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✵⊣✶✳✺✾✻✼✻⊣✵✳✻✺✾✹✾✽ ⊣✵✳✻✺✾✹✾✽ ⊣✺✷✳✺✵✶✹⊣⤦
✸✷✳✼✹✷ ⊣✶✼✳✵✶✼✺⊣✸✹✳✵✽✼ ⊣✼✻✳✼✾✶✹⊣✺✳✷✹✵✵✺⊣✹✳✾✻✹✺✻⊣✹✶✳✺✷✺✹⊣✼✳✽✷✽✵✼⤦
⊣✶✳✷✽✾✹✻⊣✷✳✷✷✸✹✺⊣✻✳✾✷✵✵✽⊣✸⊣✼⊣✺⊣✺

✸✺✻✺✷✻✶✾✼✸✳✻✷✶ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✵⊣✶✳✶✷✽✶✸⊣✼✹✳✻✻✾✶⊣✸✹✳✷✺✹✼⊣✶✺✳✺✽✹✹⊣⤦
✹✶✳✺✵✷✼⊣✼✻✳✼✾✶✹⊣✺✳✷✹✵✵✺⊣✹✳✾✻✹✺✻⊣✹✼✳✽✶✵✺⊣✻✳✶✹✸✶✼⊣✶✳✷✸✻✸✾⊣✷✳✹✵✷⊣⤦
✻✳✻✺✻✼✽⊣✹⊣✺⊣✼⊣✺⊣✼

✸✺✻✺✷✻✶✾✼✸✳✻✷✶ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✵⊣✵✳✽✾✸✽✶✹ ⊣✶✳✺✾✻✼✻⊣✵✳✻✺✾✹✾✽ ⊣✺✷✳✺✵✶✹⊣⤦
✸✷✳✼✹✷ ⊣✶✼✳✵✶✼✺⊣✸✹✳✵✽✼ ⊣✻✽✳✻✽✹✸⊣✹✳✻✽✻✽✺⊣✹✳✹✹✵✹✹⊣✹✵✳✷✽✺✺⊣✼✳✷✻✺✻✷⤦
⊣✶✳✶✻✷✵✷⊣✷✳✵✶✸✽✹⊣✻✳✼✼✻✹✽⊣✻⊣✺⊣✺⊣✺⊣✼⊣✼⊣✺

✸✺✻✺✷✻✶✾✼✸✳✻✷✶ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✵⊣✶✳✶✷✽✶✸⊣✼✹✳✻✻✾✶⊣✸✹✳✷✺✹✼⊣✶✺✳✺✽✹✹⊣⤦
✹✶✳✺✵✷✼⊣✼✶✳✵✾✺ ⊣✹✳✽✺✶✸✺⊣✹✳✺✾✻✷✾⊣✹✻✳✼✺✾✻⊣✺✳✽✶✵✶✾⊣✶✳✶✺✵✹✽⊣✷✳✷✹✹✾✷⤦
⊣✻✳✺✺✸✾✼⊣✽⊣✺⊣✼⊣✺⊣✼⊣✺⊣✼⊣✺⊣✼

✸✺✻✺✷✻✶✾✼✸✳✻✷✶ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✵⊣✶✳✶✷✽✶✸⊣✼✹✳✻✻✾✶⊣✸✹✳✷✺✹✼⊣✶✺✳✺✽✹✹⊣⤦
✹✶✳✺✵✷✼⊣✼✶✳✵✾✺ ⊣✹✳✽✺✶✸✺⊣✹✳✺✾✻✷✾⊣✹✻✳✼✺✾✻⊣✺✳✽✶✵✶✾⊣✶✳✶✺✵✹✽⊣✷✳✷✹✹✾✷⤦
⊣✻✳✺✺✸✾✼⊣✹✽ ⊣✺⊣✺⊣✺⊣✺⊣✼⊣✼⊣✼⊣✼

✸✺✻✺✷✻✷✵✶✵✳✼✾✷ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✶⊣✵✳✻✾✼✼✼✶ ⊣✽✳✸✵✸✷✾⊣✷✾✳✷✵✼✾⊣✶✾✳✼✶✷✾⊣⤦
✶✾✳✵✼✹✼⊣✵⊣✵⊣✵⊣✶✵✳✹✻✻✾⊣✵⊣✵⊣✵⊣✸✳✼✾✾✺✸⊣✶⊣✺

✸✺✻✺✷✻✷✵✶✵✳✼✾✷ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✶⊣✶✳✺✹✺✻✸⊣✵✳✻✾✼✼✼✶ ⊣✵✳✻✾✼✼✼✶ ⊣✹✼✳✼✾✵✻⊣⤦
✸✶✳✼✼✽✸⊣✶✻✳✻✶✵✸⊣✸✷✳✵✺✾✼⊣✻✽✳✸✾✹ ⊣✹✳✹✺✷✵✷⊣✺✳✸✼✸✽ ⊣✸✻✳✾✸✶✻⊣✼✳✼✶✻✶✷⤦
⊣✶✳✶✸✽✽✸⊣✷✳✹✸✹✻✷⊣✻✳✻✺✻✼ ⊣✸⊣✼⊣✺⊣✺

✸✺✻✺✷✻✷✵✶✵✳✼✾✷ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✶⊣✶✳✶✷✶✼ ⊣✻✼✳✺✸✹✷⊣✸✸✳✵✻✸✹⊣✶✺✳✵✺✾ ⊣⤦
✸✽✳✺✺✷✷⊣✻✽✳✸✾✹ ⊣✹✳✹✺✷✵✷⊣✺✳✸✼✸✽ ⊣✹✷✳✹✾✽✺⊣✻✳✵✼✺✼✶⊣✶✳✵✾✼✷✺⊣✷✳✻✺✵✻✸⤦
⊣✻✳✹✺✹✶✺⊣✹⊣✺⊣✼⊣✺⊣✼

✸✺✻✺✷✻✷✵✶✵✳✼✾✷ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✶⊣✵✳✾✵✾✼✸✺ ⊣✶✳✺✹✺✻✸⊣✵✳✻✾✼✼✼✶ ⊣✹✼✳✼✾✵✻⊣⤦
✸✶✳✼✼✽✸⊣✶✻✳✻✶✵✸⊣✸✷✳✵✺✾✼⊣✻✶✳✶✼✸✺⊣✸✳✾✽✷✵✶⊣✹✳✽✵✻✹✼⊣✸✺✳✽✷✽✾⊣✼✳✶✺✽✽✷⤦
⊣✶✳✵✷✺✹✶⊣✷✳✷✵✼✺✸⊣✻✳✺✶✻✼✺⊣✻⊣✺⊣✺⊣✺⊣✼⊣✼⊣✺

✸✺✻✺✷✻✷✵✶✵✳✼✾✷ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✶⊣✶✳✶✷✶✼ ⊣✻✼✳✺✸✹✷⊣✸✸✳✵✻✸✹⊣✶✺✳✵✺✾ ⊣⤦
✸✽✳✺✺✷✷⊣✻✸✳✸✷✵✺⊣✹✳✶✷✶✼✼⊣✹✳✾✼✺✶✼⊣✹✶✳✺✻✹✹⊣✺✳✼✹✺✸✶⊣✶✳✵✷✵✹✹⊣✷✳✹✼✾✺⤦
⊣✻✳✸✺✸✹✻⊣✽⊣✺⊣✼⊣✺⊣✼⊣✺⊣✼⊣✺⊣✼

✸✺✻✺✷✻✷✵✶✵✳✼✾✷ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✶⊣✶✳✶✷✶✼ ⊣✻✼✳✺✸✹✷⊣✸✸✳✵✻✸✹⊣✶✺✳✵✺✾ ⊣⤦
✸✽✳✺✺✷✷⊣✻✸✳✸✷✵✺⊣✹✳✶✷✶✼✼⊣✹✳✾✼✺✶✼⊣✹✶✳✺✻✹✹⊣✺✳✼✹✺✸✶⊣✶✳✵✷✵✹✹⊣✷✳✹✼✾✺⤦
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⊣✻✳✸✺✸✹✻⊣✹✽ ⊣✺⊣✺⊣✺⊣✺⊣✼⊣✼⊣✼⊣✼

11.1.6 48 Probe Statistics Data Log

The file format for 48 probe setups all statistics log files contains 25 columns described with their

column headers and unit values in the table below.

When a log file is created using theGUI’s “Quick Save” button up to 48 lineswith the statistics values

of the respective E-Field Probewill be saved to a newly created file.

Column Header Unit Description

1 t s Timestamp expressed as a floating point number of seconds since

1904/01/01 00:00:00 UTC

2 Mode Measurementmode, see Table 1, page 17

3 f Hz Compensation frequency

4 Type Statistics type, 0 for continuous statistics, 1 for triggered statistics

5 MINx V/m E-field x-axis component minimum

6 MINy V/m E-field y-axis component minimum

7 MINz V/m E-field z-axis component minimum

8 MINmag V/m E-fieldmagnitudeminimum

9 MAXx V/m E-field x-axis component maximum

10 MAXy V/m E-field y-axis component maximum

11 MAXz V/m E-field z-axis component maximum

12 MAXmag V/m E-fieldmagnitudemaximum

13 MEANx V/m E-field x-axis component arithmetic mean

14 MEANy V/m E-field y-axis component arithmetic mean

15 MEANz V/m E-field z-axis component arithmetic mean

16 MEANmag V/m E-fieldmagnitude arithmetic mean

17 RMSx V/m E-field x-axis component root mean square

18 RMSy V/m E-field y-axis component root mean square

19 RMSz V/m E-field z-axis component root mean square

20 RMSmag V/m E-fieldmagnitude root mean square

21 SDEVx V/m E-field x-axis component standard deviation

22 SDEVy V/m E-field y-axis component standard deviation

23 SDEVz V/m E-field z-axis component standard deviation
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Column Header Unit Description

24 SDEVmag V/m E-fieldmagnitude standard deviation

25 Samp Number of samples used for statistics evaluation

26 Serno E-Field Probe serial number

EXAMPLE OF 48 PROBE STATISTICS LOG FILE:

★t ⊣▼♦❞❡ ⊣❢⊣❚②♣❡ ⊣▼■◆① ⊣▼■◆② ⊣▼■◆③ ⊣▼■◆♠❛❣ ⊣▼❆❳① ⊣▼❆❳② ⊣▼❆❳③ ⊣⤦
▼❆❳♠❛❣ ⊣▼❊❆◆①⊣▼❊❆◆②⊣▼❊❆◆③⊣▼❊❆◆♠❛❣⊣❘▼❙① ⊣❘▼❙② ⊣❘▼❙③ ⊣❘▼❙♠❛❣ ⊣⤦
❙❉❊❱①⊣❙❉❊❱②⊣❙❉❊❱③⊣❙❉❊❱♠❛❣⊣❙❛♠♣ ⊣❙❡r♥♦◆

✸✺✻✾✹✻✼✽✻✺✳✾✹✶ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✵⊣✵✳✵✶✸✽✷⊣✵✳✵✶✻✵✹✷ ⊣✵✳✵✶✹✸✶✹ ⊣✵✳✵✸✵✽✸✷⤦
⊣✷✳✸✾✵✺✻✷ ⊣✶✷✳✻✻✾✷✷✹⊣✷✳✻✹✺✹✺✸ ⊣✶✸✳✶✸✼✶✶✺⊣✵✳✶✶✸✼✻✹ ⊣✵✳✷✵✾✹✷✽ ⊣⤦

✵✳✶✵✷✹✵✶ ⊣✵✳✷✻✽✻✶✽ ⊣✵✳✷✹✶✺✶✾ ⊣✵✳✾✸✽✺✶✻ ⊣✵✳✷✸✼✷✾✻ ⊣✵✳✾✾✼✼✵✶ ⊣⤦
✵✳✷✶✸✵✹✽ ⊣✵✳✾✶✹✽✺✷ ⊣✵✳✷✶✹✵✻✺ ⊣✵✳✾✻✵✽✻✶ ⊣✹✻✼✵✷✶ ⊣✻✽

✸✺✻✾✹✻✼✽✻✺✳✾✹✶ ⊣✵⊣✶✵✵✵✵✵✵✵✵⊣✵⊣✵✳✷✻✼✶✹✼ ⊣✵✳✵✹✸✼✺✷ ⊣✵✳✵✸✵✷✺✷ ⊣⤦
✵✳✸✶✵✽✶✹ ⊣✹✻✳✻✾✷✽✶ ⊣✷✵✳✺✽✷✺✽✽⊣✸✾✳✹✹✺✼✷✽⊣✻✷✳✸✵✶✼✶✻⊣✵✳✺✼✼✷✶✼ ⊣⤦
✵✳✸✹✽✷✷✾ ⊣✵✳✺✶✵✹✺✽ ⊣✵✳✾✸✷✺✷✸ ⊣✷✳✼✵✾✷✶✶ ⊣✶✳✺✺✺✽✷✹ ⊣✸✳✻✵✶✾✽✷ ⊣⤦
✹✳✼✻✽✶✷⊣✷✳✻✹✼✵✵✾ ⊣✶✳✺✶✻✸✺✹ ⊣✸✳✺✻✺✻✸✸ ⊣✹✳✻✼✻✵✹✼ ⊣✹✻✼✵✷✸ ⊣✺

11.2 Calibration Files

Each LSProbe E-Field Probe comes with a detailed set of in-house calibration files used for linear-

ity compensation, frequency compensation, temperature compensation and E-field strength calibra-

tion. Optionally, an external E-field strength calibration file can be added. Calibration files are stored

in one directory per E-Field Probe, directory names consist of »sn« followed by the decimally coded

E-Field Probe serial number without leading zeros. Calibration directories are stored in the direc-

tory specified via the ▲❙P❘❖❇❊❴❈❆▲❴P❆❚❍ environment variable. The CSV file conventions detailed in

section 11 apply to all calibration files.

The contents of all calibrationfiles are protected against inadvertentmodification bymeans of a dec-

imally coded integer checksum in the last column of each calibration files’s line. The checksum is cal-

culated by adding all ASCII code values of the calibration file starting with the first character of the

second line of the respective calibration file.

11.2.1 In-House Linearity, Frequency and Temperature Compensation Files

One in-house linearity, frequency and temperature compensation file, or short LFT file, exists for ev-

ery in-house calibrated frequency andE-FieldProbemode. LFTfile names consist of »sn« followedby

thedecimally codedE-FieldProbe serial number, »m« followedby thedecimally codedmodenumber,

»f« followed by the decimally coded frequency value in Hertz, followed by ».csv«.
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The first line of LFT files starts with a hash mark character (#) and gives context information for the

LFT file, it does not give column names for the data in the remainder of the CSV file. The first line’s

columns have the following contents:

Column Unit Description

1 E-Field Probe serial number as decimally coded integer value

2 Measurementmode, see Table 1, page 17

3 Hz Measurement frequency

4 Time stamp of first calibration temperature for given frequency andmode

5 °C Ambient temperature of first calibration temperature for given frequency and

mode

6 LSB E-Field Probe internal temperature ADC value of first calibration temperature

for given frequency andmode

7 Time stamp of second calibration temperature for given frequency andmode

8 °C Ambient temperature of second calibration temperature for given frequency

andmode

9 LSB E-Field Probe internal temperature ADC value of second calibration tempera-

ture for given frequency andmode

10 Time stamp of third calibration temperature for given frequency andmode

11 °C Ambient temperature of third calibration temperature for given frequency and

mode

12 LSB E-Field Probe internal temperature ADC value of third calibration temperature

for given frequency andmode

13 Time stamp of fourth calibration temperature for given frequency andmode

14 °C Ambient temperature of fourth calibration temperature for given frequency

andmode

15 LSB E-Field Probe internal temperature ADC value of fourth calibration tempera-

ture for given frequency andmode

16 Checksum for rest of file as described in Section 11.2

The following lines of LFT files have the following contents:

Column Unit Description

1 dBm Power level used for given mode, frequency and all temperatures given in the

first line of the file

2 LSB x-axis RSSI value for first calibration temperature for given frequency, mode

and power value in first column
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Column Unit Description

3 LSB y-axis RSSI value for first calibration temperature for given frequency, mode

and power value in first column

4 LSB z-axisRSSI value forfirst calibration temperature for given frequency,modeand

power value in first column

5 LSB x-axis RSSI value for second calibration temperature for given frequency, mode

and power value in first column

6 LSB y-axis RSSI value for second calibration temperature for given frequency, mode

and power value in first column

7 LSB z-axis RSSI value for second calibration temperature for given frequency, mode

and power value in first column

8 LSB x-axis RSSI value for third calibration temperature for given frequency, mode

and power value in first column

9 LSB y-axis RSSI value for third calibration temperature for given frequency, mode

and power value in first column

10 LSB z-axis RSSI value for third calibration temperature for given frequency, mode

and power value in first column

11 LSB x-axis RSSI value for fourth calibration temperature for given frequency, mode

and power value in first column

12 LSB y-axis RSSI value for fourth calibration temperature for given frequency, mode

and power value in first column

13 LSB z-axis RSSI value for fourth calibration temperature for given frequency, mode

and power value in first column

11.2.2 In-House Field Strength Calibration Files

One in-house E-field calibration file or short IE file, exists for every in-house calibrated E-Field Probe

mode. IE file names consist of »sn« followed by the decimally coded E-Field Probe serial number, »m«

followed by the decimally codedmode number, followed by ».csv«.

The first line of IE files starts with a hash mark character (#) and gives context information for the

IE file, it does not give column names for the data in the remainder of the CSV file. The first line’s

columns have the following contents:

Column Unit Description

1 E-Field Probe serial number as decimally coded integer value

2 Measurementmode, see Table 1, page 17

3 V/m E-field strength during calibration of givenmode
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Column Unit Description

4 LSB E-Field Probe internal temperatureADCvalue during calibration of givenmode

5 Time stamp during calibration of givenmode

6 Checksum for rest of file as described in Section 11.2

The following lines of IE files have the following contents:

Column Unit Description

1 Hz Frequency for givenmode and ambient temperature

2 LSB x-axis RSSI value for given E-field strength andmode in first column

3 LSB y-axis RSSI value for given E-field strength andmode in first column

4 LSB z-axis RSSI value for given E-field strength andmode in first column

11.2.3 External Field Strength Calibration Files

One external E-field calibration file or short EE file, exists for every externally calibrated E-Field

Probe. An EE file contains correction factors expressed in Decibels, the correction factor will be ap-

plied to the baseE-field derived from the supplied internal calibration data. A value greater than zero

will make the output E-field value larger, values smaller than zeromake the output E-field value. The

EE file name consists of »sn« followed by the decimally coded E-Field Probe serial number followed

by ».csv«.

The first line of an EE file starts with a hash mark character (#) and gives context information for the

EE file, it does not give column names for the data in the remainder of the CSV file. The first line’s

columns have the following contents:

Column Unit Description

1 E-Field Probe serial number as decimally coded integer value

2 °C Average E-Field Probe internal temperature during calibration

3 Maximum time stamp during calibration

4 Checksum for rest of file as described in Section 11.2

The second line of EE files starts with a hashmark character (#) and contains a calibration certificate

string that extends to the end if the second line. The following lines of an EE file have the following

contents:

Column Unit Description

1 Hz Frequency for external E-field calibration
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Column Unit Description

2 dB x-axis correction value for the given frequency

3 dB y-axis correction value for the given frequency

4 dB z-axis correction value for the given frequency

11.2.4 Stream Files in Binary Format

The format “PREFIX_FP_YYYYMMDD_hhmmss.bin” containing the following information is used for

all binary stream files.

PREFIX

File prefix set by the user, its default value is ‘stream’,

FP

Serial number of the E-Field Probewhich recorded the stream data.

YYYYMMDD_hhmmss

Year, month, day of themonth, hour, minute and second of the start of the stream file.

Stream files are optimized for small file size and low processor load. Their binary format contains

E-field lookup-tables and raw, unsigned integer RSSI values for all axes, including frame indicators

as well es auxiliary information about mode, frequency, temperature and skip count. E-field lookup-

tables can be used off-line for converting RSSI values to E-field strength values.

All stream files start with a lookup-table block containing three-axis E-field lookup-tables and auxil-

iary information. Field strength information is stored in the form of RSSI data blocks. Lookup-table

blocks start with a single byte set to a value of 255. They have a size of 196,623 bytes and the follow-

ing structure:

Data Offset Size Description

Identifier 0 1 Single byte set to 255

Mode 1 2 E-Field Probemode, 16 bit, little endian, unsigned integer

Frequency 3 4 E-Field Probe frequency in Hertz, 32 bit, single precision,

little-endian floating point value

Temperature 7 4 E-Field Probe temperature in ○C, 32 bit, single precision,

little-endian floating point value

Skip Count 11 4 Stream recording skip count, 32 bit, little endian, unsigned

integer value

x-axis[0] 15 4 x-axis E-field strength for RSSI=0, 32 bit, single precision,

little-endian floating point value

y-axis[0] 19 4 y-axis E-field strength for RSSI=0

z-axis[0] 23 4 z-axis E-field strength for RSSI=0
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Data Offset Size Description

x-axis[1] 27 4 x-axis E-field strength for RSSI=1

... ... 4 ...

z-axis[16383] 196,619 4 z-axis E-field strength for RSSI=16383

Lookup-table blocks are followed by an arbitrary number of RSSI data blocks. Each block contains

simultaneous x-, y- and z-axis RSSI values and the frame indicator for one sampling instant. Each

block has a a size of seven bytes and the following structure:

Data Size Description

frame 1 frame information for the current sample, alternating between zero and

one, 8 bit unsigned integer

x-axis RSSI 2 x-axis RSSI value, 16 bit unsigned integer little-endian format

y-axis RSSI 2 y-axis RSSI value

z-axis RSSI 2 z-axis RSSI value

RSSI data blocks are followed by a lookup-table indicated by the header described above when the

lookup table is modified, e.g. in response to a significant temperature change of the E-Field Probe.

11.2.5 Stream Files in CSV Format

The Bin2Csv.exe program which is part of the LSProbe Installer can be used to generate CSV files

from binary stream files described in the previous section. CSV output files have the following for-

mat:

Column Header Unit Description

1 Mode Measurementmode, see Table 1, page 17, optional

2 f Hz Compensation frequency, optional

3 Ex V/m x-axis component of E-field

4 Ey V/m y-axis component of E-field

5 Ez V/m z-axis component of E-field

6 Emag V/m E-fieldmagnitude, optional

7 Frame frame indicator

8 RSSIx LSB x-axis raw RSSI value, optional

9 RSSIy LSB y-axis raw RSSI value, optional

10 RSSIz LSB z-axis raw RSSI value, optional
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Column Header Unit Description

11 T °C Temperature inside the E-Field Probe

12 Skip Skip count used during stream recording

TheBin2Csv.exe program accepts an arbitrary number of command line switches followed by the file

name(s) of one ormore binary streamfiles. OneCSVfilewill be generated for every binfile, replacing

the extension “bin” by “csv”. The following command line switches are supported:

-h

display usage information and quit program,

-m

enable optional E-fieldmagnitude column,

-s

set sample index for the start of binary to CSV conversion, default is zero,

-e

set sample index for the end of binary to CSV conversion, default is last sample in bin file,

-l

set number of samples to be converted to CSV format, relative to start sample index if speci-

fied, defaults to all samples in bin file,

-M

enable optional mode column,

-F

enable optional frequency column,

-T

enable optional temperature column,

-r

enable optional RSSI value columns,

-S

enable optional skip count column.
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12 Specifications

12.1 E-Field Probe

Table 19: LSProbe Field Probe specifications

Frequency Range 10 kHz ... 6GHz

Analog Rise Time
LowBand, low bandwidth 1.9ms
LowBand, high bandwidth 770ns
High Band 330ns

MinimumPulseWidth
BurstMode 500ns
StreamingMode 2µs

Resolution <0.01 dB

Sampling Rate
BurstMode 2MSample/s
StreamingMode 500 kSample/s

Field Strength
LowBand <1V/m ... >10 kV/m
High Band <0.1V/m ... >1 kV/m

Damage Level >25 kV/m

Dynamic Range (typical)
Low Band >100dB
High Band up to 4GHz >90dB
High Band above 4GHz >80dB

Isotropy@ 900MHz <1dB

Amplitude Accuracy@ 10V/m
10kHz ... 10MHz 1.3 dB
>10MHz ... 1GHz 1.5 dB
>1GHz ... 8GHz 1.0 dB

Linearity Error <0.1 dB

Temperature Stability 0.1 dB

Fiber Optic Connector FC / ST

Fiber Optic Cable Length 5m permanently attached, 15m extension
included

Max. Fiber Optic Cable Length 1,000m (sold on request)

Minimal Fiber Optic Cable Bending Radius 30mm

Ambient Temperature 10○C ... 40 ○C

Dimensions (W xD xH) 46 x46 x114mm3
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12.1.1 Typical Isotropy

Figure 58: Isotropy at 900MHz, rotating aroundmagnetic field vector

Figure 59: Isotropy at 900MHz, rotating in E-H-Plane
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12.1.2 Typical Dynamic Range

Figure 60: Typical dynamic range, low band

Figure 61: Typical dynamic range, high band
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12.1.3 Mechanical orientation

For rough orientation, the direction of the antennas is marked on the protective cover of the E-Field

probe. A flat on the bottom of the mounting pole helps to achieve an exact orientation of the probe.

The y-axis antenna opposes this flat.

x-axis opposing mount pole

Z

Y

(a) LSProbe, view from bottom

X

Z

Y

(b) LSProbe, view from
top

Figure 62:Mechanical orientation of the antennas

By acquiring data of the built-in acceleration sensor, the orientation of the field probe can also be

checked by software.
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12.2 Computer Interface

Table 20: Computer Interface specification

PC Interface USB 2.0

Application Software LSProbe TCP Server, LSProbe GUI

Burst Trigger Level 5V

Burst Trigger Connector BNC

Laser -Wavelength 850nm

Laser -Max. Output Power 1,000mW

Laser Class 1M

Laser - Shutdown Time 1ms

Fiber Optic Connector FC / ST

Minimum number of optical couplers 6

Input Voltage∗ 5V ± 5%

Input Current <3A

Ambient Temperature 10 ○C ... 40 ○C

Dimensions (WxDxH) 135 x38 x120mm3

Certifications CE, IEC 60825-1:2014
∗
power supply included
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13 Warranty Conditions

1. The period ofwarranty shall start from the date of delivery of the product to the customer and

shall cover a period of 24months.

2. These warranty conditions apply to devices purchased in Germany. These conditions of war-

ranty also apply if these devices are exported abroad and meet the technical requirements

(e.g. voltage, frequency) for the respective country and which are suitable for the respective

climatic and environmental conditions.

3. Every and all parts of the product are under LUMILOOP’s warranty coverage against any de-

fect that may occur during production, assembly and/or defective parts.

4. In case of repair within warranty period, the time spent on the repair work is added to the

warranty period. Repair timeof theproduct ismaximum20 (twenty)workingdays. Awarranty

event does not lead to a new warranty period. The warranty period for built-in spare parts

ends with the warranty period for the entire device.

5. In case of failure of the product during warranty period, the producer or reseller company has

to assign another product to the customer with similar features until completion of repair of

the product.

6. Within thewarranty period, if the product fails because of general material andworkmanship,

or mounting faults, it will be repaired without demanding any charge.

7. In case of any failure in the product, occurring at least four times in one year or six timeswithin

the warranty period, product replacement or refund is mandatory depending on the choice of

the customer.

8. Free repair and product exchange obligations will be annulled under the following conditions:

a) If the product becomes faulty due to use contrary to the terms or conditions stated in the

user’s manual,

b) If the product has been opened, used, or previously repaired by unauthorized persons,

c) Use of the product by plugging into inappropriate voltages or with faulty electric instal-

lation,

d) If the product serial number has been altered or removed,

e) If the fault or damage to the product occurred during the transportation outside of the

responsibility of LUMILOOPGmbH,

f) A break or scratch to the product’s exterior while in the customer’s possession,

g) Damage from chemical and electrochemical effects of water

h) When our product is damaged due to use with spare parts, accessories or devices pur-

chased from other companies which are not original parts.

i) Those damages caused by natural disasters such as fire, lightning, flood, earthquake, etc.

9. A short report prepared by the LUMILOOP GmbH will determine whether the damage was

caused by improper use.
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10. Customers are required to initially report any conflicts between themselves and an authorized

reseller to the address below:

LUMILOOPGmbH

Topfmarkt 1

01936 Königsbrück

Germany

E-mail: info@lumiloop.de
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EC DECLARATION OF CONFORMITY

We, LUMILOOP GmbH,

Topfmarkt 1,

01936 Königsbrück,

GERMANY,

declare under sole responsibility that the:

Model / Part Number: LSProbe 1.2 / CI-250 1v2

Model / Part Name: Electric Field Probe / Computer Interface

Date of Declaraion: July 7, 2017

to which this declaraion relates, meets the requirements and is in conformity with the relevant 

EC Direcives listed below using the relevant secion(s) of the following EC harmonized stan-

dards and other normaive documents:

Applicable Direcives:

2014/35/EU (Low Voltage Direcive)

2014/30/EU (EMC Direcive)

2011/65/EU (RoHS)

Applicable harmonized standards and/or other normaive documents:

EN 61010-1:2010 Safety requirements for electrical equipment for measurement, 

control, and laboratory use

Part 1: General requirements

EN 61326-1:2013 Electrical equipment for measurement, control and laboratory

use – EMC requirements

Part 1: General requirements

EN 60825-1:2014 Safety of laser products

Part 1: Equipment classiicaion and requirements

Authorized Signatories:

LUMILOOP GmbH

Eike Suthau, Technical Director

This declaraion atests the compliance with the stated direcives. It does not imply any assurance of characterisics.
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15 Revision History

2016/06/24

• Initial release.

2016/06/28

• Sacrificial optical cable assembly added.

• Analog rise time values corrected.

2016/07/11

• Radarmeasurements added.

2017/02/09

• Statistical evaluation for continuous and triggered measurement, SCPI commands and

GUI support added.

• Multiprobemode, SCPI commands and GUI support added.

• MProbe parameter added for almost all SCPI commands.

• Make ":syst:reg:get?" return NANwhen requesting invalid register.

• Reference field strength for E-field calibration changed to 10V/m.

• In-house and external calibration timestamp query using »:CALibration:TStamp?

[<MProbe>]« command added.

• External calibration data can be disabled using SCPI command. New SCPI

commands: »:CALibration:EXTernal? [<MProbe>]« and »:CALibration:EXTernal

<Value>[,<MProbe>]«.

• Firmware-Update command requires revision number as to avoid inadvertent flashing.

• TCP-Server status messages for laser and E-Field Probe status added.

• At startup TCP-Server prints table of available calibration data.

• At startup TCP-Server prints table of connected CIs and firmware revision numbers.

• Reducedmemory footprint by using dynamic trigger buffer size.

• GUI log files extended and corrected.

• GUI “Quick Save” button added.

• GUI shows notification during firmware updates.

• GUI shows difference between TCP Server and last GUI setting.

• Ext1 RJ45 external trigger added to Computer Interface, TCP Server and GUI.

• GUI shows laser current and received signal strength in “Laser Status” tool tip.

• GUI shows calibration dates and certificate number in tool-tips.

• GUI shows number of radar pulses.

• GUI can control multiple Computer Interfaces using “All” button.

• TCP Server no longer accepts frequencies outside the calibrated range.

• Alignment of E-field axis and acceleration sensor axis.

• External trigger documentation inmanual added.

• Add documentation and support files for EMC32.
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• Installer includes FTDI USB driver.

• Installer sets system environment variables instead of user environment variables.

• Documentation of calibration CSV file format added.

• Documentation of sacrificial cable kit added.

• Introduce support for mode 1 and 5 for systems newer than February 2017.

• Remove “Auto” button fromGUI for consistency with TCP Server.

• Add optional RSSI value logging for basic and scope logs.

• Allow input and output of SCPI commands via standard IO of TCP Server.

• Support dynamic adding and removing of CIs.

• Use previously defined environment variables during installation.

• Add Start menu entry for all users during installation.

• Terminate TCP Server on receiving Ctrl-C.

• Fix TCP Server parsing of commands using both semicolon and new-line.

• Check decimal separator in calibration CSV files.

• Add support for serial protocol emulation inmode 1.

• Add virtual Computer Interface and Field Probe support.

• Documentation for RadiMation.

• Documentation and support files forWin6000.

2017/07/24

• Section “Warranty Conditions” added.

• ECDeclaration of Conformity added.

• RadarMeasurement: improved detection of very short pulses (2 µs).

• Application of temperature compensated calibration improved.

• :SYSTem:FREQuency <Frequency>[,<MProbe>] SCPI commandBugfixed: RSSI value cor-

responding to highest calibrated E-field value correctly adapted to new set frequency.

• Statistics: Enable bin sizes of over 2 billion samples.

• Computer Interface Firmware with support for stream recording included.

• Support for stream recording in TCP Server and GUI added.

• Debug flags for stream recording, triggering and interpolation added.

• Bin2Csv executable for converting binary stream files to CSV format added.

• :TRIGger:DONE? [<Timeout>,<MProbe>] SCPI command to check state of trigger system

added.

• :TRIGger[:WAVeform]:RADar:COUnt? [<Threshold>][,<MProbe>] SCPI command to

query number of radar pulses added.

• Documentation and support files for BAT-EMC.

• Support for arbitrary order of columns in CSV file for virtual probes read-in added in GUI.

• Better visibility of current mode andmode changes in GUI.

• Connection tabmoved to leftmost position in GUI.
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