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1. Introduction

This manual is a print-out of the online help system supplied with the DASY 3 software. Therefore
references are based on chapters and not on pages and an index is not available.

The DASY 3 manua contains three parts, the user manual, the software reference guide and a selection of
application notes. It has been completely revised and extended for DASY 3 software version 3.1c. General
information about DASY 3 components and dosimetric measurements is also included, which will answer
many of the ‘frequently asked questions' from our customers. To skip ahead to do some measurements
right now, go to section 1.1: shortcut for casual users for the basic information to start the system.

The user manual gives a basic understanding of the system components and how they work together for
complex measurement tasks. The principal procedures for positioning, measurement and data evaluation
are explained. The user manual contains sections on the hardware, robot and software. It is organized
thematically and does not explain each software element; however it does contain al necessary links to
the software reference guide. After reading through the user manual, you should be able to:

e Manage all parameters properly and know which parameters are crucial for a specific function.
e Devise your own measurement tasks by using and combining components and procedures.
e Supervise the proper functioning of the system and detect any deviations.
e Do basic troubleshooting of the system.
The software reference guide is according to after the software menu structure and briefly explains the

function of al input and output elements in the user interface. It does not explain the detailed reason or
the remote effects of the inputs or outputs, but contains links to the user manual for that purpose.

The application notes contain detailed information about selected themes. Some are related to the DASY 3
system (e.g., assessment of the measurement uncertainty in the DASY 3 system or validation procedures),

while others give more general information about dosimetry or field measurements (e.g., SAR sensitivity

on liquid parameters, recipes for tissue simulating solutions). The list of application notes will be updated
continuously; new application notes can be downloaded from our web-site (www.speag.com).

All sections are written as hypertext, containing numerous links to other locations. Links to locationsin
other parts of the manua are marked (UM :<name>, RG:<name>, AN:<name>)

To print the manual select either the topic (left pane) User Manual or Software Reference Guide. Select
menu command Print from menu and choose Print the selected heading and all subtopics.

Some sections of the manual deal with special measurements that are only available with specia
components (e.g., temperature probes) or with uncommon setups for specia tasks. You can skip those,
however they might contain clues for other applications. If you have questions beyond the manual, do
not hesitate to send us E-mail. We are also glad to receive critiques or recommendations regarding the
manual (or the system) which will help for further improvements.

Schmid & Partner Engineering AG (SPEAG) is a spin-off company of the Federal Institute of Technology
(ETH) in Zurich and continues to have many joint projects with the group for Bioelecromagnetics
(BIOEM/EMC) at ETH. In the numerous publications of that group you can find much information
related with the DASY system. For more information see
www.ifh.ee.ethz.ch/bioem/bioemV2/infofiles/publics.html
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1.1 Shortcut for casual users

The DASY 3 system is highly configurable. After the initial setup by SPEAG or its representative, al
system components are installed. Also installed are document files with predefined measurement
procedures for complex tasks, such as system validation and compliance testing according to FCC or
CENELEC recommendations. The system can be used immediately without first working through the
whole manual. However, there are still some settings necessary for the system to run properly. The
following list shows the minimum necessary manipulations for a complete measurement and includes
links to the corresponding sections in the manual:

e Turn al systems on (obvious, but read this section for important information). (2.11 Switching on)

e Check (and change if necessary) the active system components in the software with the actualy
mounted components. Here you can also switch between phantom sections for measurements. By
default, the system always comes up with the last used settings. (RG: 2. System Configuration)

e Optional: Align the probe in the lightbeam for accurate positioning. (RG: 4.2 User Interface)

e Optional: Teach the phantom position with respect to the robot. Thisis only necessary if the
phantom has been moved since its last use. Do not worry about this if you have a DASY 3compact
system, since the robot and the phantom are mounted together. (RG: 2.7 Install Phantom)

e |f theliquid has been standing for some time, stir it to ensure homogeneous parameters. Check the
liquid parameters and enter the new values into the software. Due to water evaporation, the
parameters change slowly over time and should be measured regularly (every week). If the
parameters have drifted too much, the liquid should be readjusted by adding water. (2.8
Simulation Liquids), (RG: 2.3 Medium)

e |f you will measure a device type that has not previously been measured, you must enter its
frequency and modulation duty cycle (crest factor). If you want to have a simple 3D picture of the
device in the graphics, you can enter its dimensions here. (RG: 2.4 Device)

e Bring the device into a controlled radiating state and mount it on the device holder. For validation
purposes connect the validation dipole to a known source and mount it beneath the flat phantom
section.

e Open the corresponding predefined document file (read only file) and save it as your document.
(4.8: Predefined files and examples)

e Sdlect al scans in the document and press start. Wait for the robot to finish measurements.

e For visualization, select all (measured) scans and chose a graphic format for display. You can
change and print the view. (RG: 7. Graphics)

e Upon completion, turn the system off. (2.12 switching off)

If you want to do more, and there is much more to do, please refer to the rest of the manual.
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1.2 Installation

Theinitia system installation is generally done by SPEAG or its representative. This includes also a
thorough testing of the robot and the system performance in the final environment. Upgrades, installation
of new components or configuration changes can be done by the customer. Since there are many possible
combinations, the installation procedures for hardware are explained with the corresponding component.
Software installation has its own chapter 4.2 Installation and update. Below is alist with references to all
sections dealing with installation questions. Except for system validation, no specia instruments are

necessary.

e Installation and configuration of the PC-board (2.2 DASY 3 PC-board)

e Connecting all components (2.1 System components)

e Installing the lightbeam switch (2.10 Light beam)

e Software installation and update (4.2 Installation and update)

e Checking the environment EM noise in the system (AN: System Noise)

e System validation (AN: Validation and System Check)
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2. Hardware

2.1 System components

The system configuration is described in the application note AN: System Description and Setup.

Further information is available about:

e 2.2 DASY3 PC-board

o 2.3 Data acquisition electronics

e 2.4 Probes

o 2.5 Generic twin phantom

e 2.6 Device holder

e 2.7 Proximity sensor

e 2.8 Simulation liquids

e 2.9 Validation dipoles

e 210 Light beam

o 3. Robot
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2.2 DASY3 PC-board

The PC-Plug-in card uses one standard medium-sized | SA-
slot. It contains al necessary circuitry for the operation of
the DASY 3 software with either the DAE2 or DAE3
electronic box. Room for peripheral extensions (paralel 1/O,
...) is provided on the board.

The card contains a 24 bit 66 MHz data signal processor (DSP) and 96k x 24bit 12ns memory-bank. The
DSP does dl the real-time data evaluation for field measurements and surface detection, controls the
robot movements and handles the safety operation. The PC-operating system cannot interfere with these
time critical processes. The signal processor and all connections are supervised by watchdog. The
disconnection of any of the cables to the board will automatically disarm the robot and disable all
program controlled robot movements.

Calibration: No calibration is required.

The base address can be selected with jumpers (A4 to A9) on the board. The base address in the software
must be set according to the jumpers setting (RG: 2.2.3 DASY 3 PC-Board).

Note: The new values in the software are only active after a complete shutdown and reboot of the
computer.

Connections:

1. DB9female: Datalink to the data acquisition electronics (DAE3 or DAE2) via electro optic
converter (EOC) mounted on the robot arm. The cable is connected to the back panel of the robot
or to the free-standing EOC in the DASY 3mini version.

2. Subminiature (Binder 712, Amphenol) connector 3p male: Emergency stop to the robot

3. DB9 male: RS232 connection to robot controller (SIO Board)
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2.3 Data Acquisition

Description

The data acquisition electronics (DAE3) consists of a highly sensitive electrometer-grade preamplifier
with auto-zeroing, a channel and gain-switching multiplexer, afast 16 bit AD-converter and a command
decoder and control logic unit. Transmission to the PC-card is accomplished through an optical downlink
for data and status information and an optical uplink for commands and clock.

The mechanical probe mounting device includes two different sensor systems for frontal and sidewise
probe contacts. They are used for mechanical surface detection and probe collision detection.

The input impedance of the DAE3 box is 200 MOhm; the inputs are symmetrical and floating. Common
mode rejection is above 80 dB.

Note: Dueto the high impedance the offset voltage might drift several tenths of microvolts if the
inputs are left open. To take advantage of the high sensitivity of the input electronic, a properly
designed grounding and power distribution system in the laboratory is necessary. See AN:
System Noise for further information.

Important: Keep the DAE dry; absolutely avoid condensing humidity in the DAE-box.

Calibration: Required once ayear.

Batteries

~ = The DAE works with either two standard 9V batteries or two 9V
(actually 8.4V) accus. As the electronics automatically powers down
unused components during breaks or between measurements, the
battery lifetime depends on system usage. Typical lifetimes are >20
hours for batteries and >10 hours for accus. Remove the batteries if
you do not use the DAE for along time.

Note: The use of accus is highly recommended. In some countries (USA) the commercialy available
"9V" accus have a nominal voltage of 6.2V instead of the usual 8.4V. The DAE is designed to
work with 8.4V accus and will give alow battery error with the 6.2V accus.
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Cable connections

Connect the twin optical cable from the DAES to the electro optica
convertor (EOC), and the specia data cable from the EOC to the PC-
Board. Shown is the DASY 3mini system. In DASY systems with a
robot, the EOC is mounted on the robot arm and an internal data link
is used from the EOC to the robot back panel. Thus, the data cable to
the PC-Board is connected to the robot back panel.

To switch on briefly press the push button on the top of the electronic
box shortly (less than a second). Pressing it for more than two seconds
turns the electronics box off.

The box will turn off automatically 15 minutes after switching off the
computer.

The pin in the front of the DAE gives a defined mounting position in
the robot arm holder (important for field component measurements).
It can also be used as a grounding pin to connect the DAE to the
radiation source ground. See AN: System Noise for more information.
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2.4 Probes

The DASY 3 system can support many different probe types.

Dosimetric Probes. These probes are specialy designed and calibrated for use in liquids with high
permittivities. They should not be used in air, since the spherical isotropy in air is poor (+2dB). The
dosimetric probes have special calibrationsin liquid at different frequencies.

Free Space Probes: These are electric and magnetic field probes specialy designed for measurementsin
free space. The z-sensor is aligned to the probe axis and the rotation angle of the x-sensor is specified.
This allows the DASY system to automatically alig the probe to the measurement grid for field
component measurement. The free space probes are generally not calibrated in liquid. (The H-field
probes can be used in liquids withouth any change of parameters.)

Temperature Probes. Small and sensitive temperature probes for general use. They use a completely
different parameter set and different evaluation procedures. Temperature rise features allow direct SAR
evaluations with these probes.

Optical Surface Detection: Some probes have a built in optical surface detection system. This option is
mainly used for dosimetric measurements in liquid filled phantoms.

Note: All probes have one characteristic in common - they are fragile and valuable!
The following points are important for along probe life:

e Handle the probes very carefully. Store them safely when not in use.

e Use the dummy probe for training purposes and for experimenting with new setups.

e Clean the dosimetric probes with water after use. Use soft towels or paper only. Never use knives
or hard tools at the probe tips with optical surface detection.

e Do not the place the probes with (transparent) PMMA enclosures in organic solvents, including
glycol-solutions. The newer probes (later than 2Q99) have a (black opaque) PEEK enclosure and
can be used in most solvents, acids and lyes. Please contact SPEAG for information about special
solutions.

e Never try to open the probes. The calibration (or the probe) will be lost.

Probe mounting

A very high repesatability of the position of the probetip is crucial for accurate measurements. This
requires avery stable probe mounting. However, to avoid probe destruction in collisions, the probe
should be mounted flexibly. The DASY probes use a precise connector and an additional holder for the
probe, consisting of a plastic tube and a flexible silicon ring to center probe. The connector at the DAE is
flexibly mounted and held in default position with magnets and springs. Two switching systems in the
connector mount detect frontal and lateral probe collisions and trigger the necessary software response
(see 3.6 Probe collision). This mounting gives a position repeatability of 0.1mm at the probe tip even with
horizontally aligned probes, but allows axial movements of 2cm and lateral movements of 5cm without
destroying the probe. The absolute accuracy at the probe tip is not ensured with the mounting alone. Use
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the light beam option (see 2.10 Light beam) to align the probe tip accurately to the robot coordinate
system.

Assembling the probe holder tube

For probes with optical surface detection, the probe holder tube must be pushed over the probe
connector first, in other probes it can be pushed over from the tip. Make sure that the silicon ring is flat
and centered. Otherwise, loosen the silicon ring holder and reposition the ring. Connect the probe as
shown in the figure (over atable; just in caseit fals down). The connector has a fine thread. Make sure
that it catches correctly. If not, the connector ring only makes one turn and the probe is angled. If thereis
aproblem in connecting the ring, push the connector completely into the DAE and try again. Never turn
the probe, only the connector ring. Don't force the connector to a wrong position.

Connecting the probe

Fix the probe holder tube and mount the DAE on the DAE holder on the robot arm. The ground pin on
the front of the DAE goes into the hole in the holder.
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2.5 Generic twin phantom

The generic twin phantom is a fiberglass shell phantom with 2 mm
shell thickness. It has three measurement areas:

o Left hand
¢ Right hand

e Flat phantom

The phantom table comes in two sizes: A 100x50x85 cm (LxWxH) table for use with free standing robots
or as a second phantom and a 100x75x85 cm (LxWxH) table with reinforcements for table mounted
robots.

The bottom plate contains three pair of bolts for locking the device holder. The device holder positions
are adjusted to the standard measurement positions in the three sections. Only one device holder is
necessary if two phantoms are used (e.g., for different solutions).

A white cover is provided to tap the phantom during off-periods to prevent water evaporation and
changes in the liquid parameters. Free space scans of devices on the cover are possible; however the
optical surface detector is not working properly at the cover surface. Place a white paper on the cover
when using optical surface detection.

On the phantom top, three reference markers are provided to identify the phantom position with respect
to the robot (see RG: 2.7 Installing the Generic Twin Phantom).

The phantom can be used with the following tissue simulating liquids:

e Water-sugar solutions can be left permanently in the phantom. Always cover the liquid if the
system is not in use, otherwise the parameters will change due to water evaporation.

e Glycol solutions should be used with care. As glycol is a softener for most plastics, the solution
should be taken out of the phantom and the phantom should be dried when the system is not used
(also overnight!). A test has shown a slight coloring of the inner surface after 3 months of
continuously being filled with 1.8 GHz Glycol solution.

e Do not use other organic solvents without previously testing the phantom resistiveness.
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2.6 Device holder for generic twin phantom

The SAR in the phantom is approximately inversely proportional to the square of the distance between
the source and the liquid surface. For a source at 5mm distance, a positioning uncertainty of £0.5mm
would produce a SAR uncertainty of £20%. An accurate device positioning is therefore crucial for
accurate and repeatable measurements. The positions in which the devices must be measured will be
defined by the standards. The CENELEC "standard" (European Specification ES59005) cites 4
measurement positions. The FCC positions are not yet completely defined.

The DASY3 holder is designed to cope with different positions given in the standard. It has two scales
for the device rotation (with respect to the body axis) and the device inclination (with respect to the line
between the ear openings). The plane between the ear openings and the mouth tip has a rotation angle of
65°. The intended use position in the CENELEC document is has a rotation angle of 65° and an inclination
angle of 80°. The rotation centers for both scales is the ear opening. Thus the device needs no
repositioning when changing the angles. The device rotation around the device axis is not changed in the
holder. In the CENELEC standard it is aways C°. If the standard changes, a support will be provided with
the new angle.

1. Put the phonein the clamp mechanism (1) and hold it straight while tightening. (Curved phones or
phones with asymmetrical ear pieces should be positioned so that the ear piece isin the symmetry
plane of the clamp).

2. Adjust the sliding carriage (2) to 90°. Then adjust the phone holder angle (3) until the reference
line of the phone is horizontal (paralel to the flat phantom bottom). The phone reference line is
defined as the front tangential line between the ear piece and the center of the device bottom (or
the center of the flip hinge). For devices with paralel front and back sides, the phone holder angle
(3) is0°.

3. Placethe device holder at the desired phantom section and move it securely against the positioning
pins (4). The screw in front of the turning plate can be applied for correct positioning (5). (Do not
tighten it too strongly).

4. Shift the phone clamp (6) so that the ear piece is exactly below the ear marking of the phantom.
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The phone is now correctly positioned in the holder for all standard phantom measurements, even
after changing the phantom or phantom section.

5. Adjust the device position angles to the desired measurement position. The rotation scale (7) gives
the tilt angle from the body axis. C1 denotes the intended use position (plane through ear openings
and mouth); C2 is the 30°-tilt position according to CENELEC. The angle of the sliding carriage (8)
gives the inclination angle of the phone (80° = intended use position).

6. After fixing the device angles, move the phone fixture up until the phone touches the ear marking.
(The point of contact depends on the design of the device and the positioning angle).

Note: Always lower the phone fixture prior to changing the device angles.

If the ear piece of the phone is shifted horizontally after changing the device angles, the phone or the
device holder is not correctly positioned.
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2.7 Proximity sensor

Some probes are equipped with an optical multifiber line ending at the front of the probetip. It is
connected to the EOC box on the robot arm and provides an automatic detection of the phantom surface.
Half of the fibers are connected to a pulsed infrared transmitter, the other half to a synchronized receiver.
If the probe approaches the surface, the reflection from the surface produces a coupling from the
transmitting to the receiving fibers. This reflection increases first during the approach, reaches a
maximum and then decreases. If the probe is flatly touching the surface, the coupling is zero. The
distance of the coupling maximum to the surface is independent of the surface reflectivity and largely
independent of the surface to probe angle. The DASY 3 software reads the reflection during a software
approach and looks for the maximum using a 2nd order fitting. The approach is stopped at reaching the
maximum.

The optical surface detection works in transparent liquids and on diffuse reflecting surfaces with a
repeatability of better than £0.1mm. The distance of the maximum depends on the fiber and the
surrounding media. It is typically 0.8mm to Imm in air and 1.5mm to 2mm in sugar solutions. The
distance can be measured with the surface check (RG: 6.9) scan in the flat phantom. The actual value
must be entered in the probe setup (RG: 2.6) data and is used for the extrapolation routine (see 4.6.3
Surface Detection).

Note: e The connector of the optical link has a notch. Make sureit is correctly positioned and
fixed.

e Always clean the probe tip after removing it from the tissue simulating solution to avoid
crystallized sugar at the optical detector end.

Installation and checking

The signal from the surface detector can be visualized in the multimeter (RG: 3 Mutlimeter Option)
option. A special measurement profile "proximity sensor" enables the display of the AD-vaues from the
16bit ADC. In the scope window you must select the component button to see the proximity values.

The sensitivity of the proximity sensor can be adjusted inside the EOC box on the robot arm. However,
since the system searches for the location of the reflection maxima, the sensitivity setting has no influence
on the detection distance. The sensitivity is set during the system installation so that (1) an AD overflow
never occurs, even on strong reflecting surfaces and (2) there is sufficient signal to avoid noise problems.

The sensitivity is best set to an AD-value between 30000 - 50000 in the reflection maxima on awhite

paper in air. This gives atypical AD-value between 10000 and 25000 in sugar solutions. The sensitivity
setting should only be changed when the AD values are far off these values.
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2.8 Simulation liquids

Parameters

The parameters of the simulating solution strongly influence the SAR in the solution. (see 4.5.2 Liquid
Parameters and SAR). The measurement standards will specify the parameters for the different
frequencies. At the moment, no parameters are defined.

The DASY 3 parameters used so far are based on numerical evaluations of several MRI scanned heads
with 13 different tissue types. The parameters of the homogeneous heads are selected to produce a SAR
value that covers statistically 90% of the user group (incl. children).

The FCC has proposed parameters that are the algebraic average of white and gray brain matter. The
parameters are from a cole-cole approximation formula derived from the studies of Dr. Camelia Gabriel.
The data can be calculated online at the web-site http://www.fcc.gov/fcc-bin/dielec.sh. However, these
parameters are not final and liquids with higher conductivities are accepted.

SPEAG will contact all customersif final standard specifications will require new liquids or recipes.

Parameter measurements

Several measurement systems are available for measuring the dielectric parameters of liquids:

e The open coax test method (e.g., HP85070 dielectric probe kit) is easy to use, but has only
moderate accuracy. It is caibrated with open, short, and deionized water and the calibration is a
critical process. The application note AN:Testing Tissue Simulating Liquids Using HP85070 gives
some tips for using the HP probe kit.

e Thetransmission line method (e.g., model 1500T from DAMASKOS, Inc.) measures the
transmission and reflection in aliquid filled high precision line. It needs standard two port
calibration and is probably more accurate than the open coax method.

e Thereflection line method measures the reflection in aliquid filled shorted precision line. The
method is not suitable for these liquids because of its low sensitivity.

e The dlotted line method scans the field magnitude and phase along aliquid filled line. The
evaluation is straightforward and only needs a simple response calibration. The method is very
accurate, but can only be used in high loss liquids and at frequencies above 100 to 200MHz.
Cleaning the line can be tedious.

All methods use network analyzers for the measurements. The commercial versions of the first three
methods use computer software for the evaluations and for controlling the NW.

The following points are important for accurate measurements in all methods:
e Theliquid must not contain any air bubbles in the measurement area.

e Thetest setup must not change the temperature of the liquid, since the liquid parameters are
temperature dependent.

Schmid & Partner Engineering AG, August 99



User Manual Page 17 of 66

Recipes

The tissue simulating liquids match the electric parameters of the simulated tissue over a limited
frequency range. Unfortunately, it is not possible to match a homogeneous liquid to the tissue cell
structure over the complete frequency band of interest (at least, no recipes are known). Therefore,
different liquids are used for the 900MHz (835MHZz) band and the 1800MHz (1900MHz) band.

Sugar-Water solutions use sugar to reduce the permittivity of water and salt to increase the conductivity.
Some recipes are given in the application note AN: Recipes for Brain Tissue Simulating Liquids.
Unfortunately, adding sugar to the water also increases the conductivity. At higher frequencies
(>1200MHz) it is not possible to match the average brain parameters; the conductivity of the solution is
considerably higher. Nevertheless, the sugar-water solution is used at higher frequencies because (1) it is
much easier to handle and (2) numerical simulations indicate that a higher conductivity is necessary to
reliably cover the real exposure.

The parameters change with the temperature:
e The permittivity increases about 0.5% per °C temperature increase
e The conductivity decreases about 1% per °C temperature increase

The given recipes are for aliquid temperature of 22°C. When the liquid is in the open for along time, the
water evaporation changes the composition and the parameters. Adding water is sufficient to return the
parameters to their initial value.

Glycol-Water solutions use organic solvents to decrease the water permittivity. With water, glycol and
salt almost any parameters are possible. The selected solvent has a low toxicity and alow damp pressure
to avoid evaporation. Anyhow, good air circulation in the laboratory is necessary. Glycol is a strong
plastic softener and affects most plastics over time.

Do not use glycol solutions with probes that have transparent PMMA enclosures. The new probes
(2Q99) with black PEEK enclosures can withstand the glycol solutions.

The Fiberglass generic twin phantom is affected by the glycol solutions over along period. Always
empty and dry the phantom after use.
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2.9 Validation dipoles

The DASY software includes predefined procedures for system validation. For that purpose a well
defined SAR distribution in the flat section of the generic twin phantom is produced. A detailed
descripton of the procedure can be found in the application note AN:Validation and System Check.

Severd dipoles are available for different frequencies (835MHz, 900MHz, 1640MHz, 1800MHz,
1900MHz). The dipoles are highly symmetric and matched at the center frequency for the specified liquid
and distance to the phantom. The accurate distance between the liquid surface and the dipole center is
achieved with a distance holder that snaps on the dipole. The dipoles come with their corresponding
distance holder and atripod holder to fix it underneath the flat phantom.

Theinput power at the SMA-connector of the dipole must be specified with high accuracy (<3%), since
the SAR error for this well defined setup is very small.
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2.10 Light beam

The lightbeam switch allows an automatic "tooling" of the probe. During the process the actual position
of the probe tip with respect to the robot arm is measured, as well as the probe length and the horizontal
probe offset. The software then corrects all movements, so that the robot coordinates are valid for the
probe tip. The repeatability of this process is better than 0.1mm. If a position has been teached with an
aligned probe, the same position will be reached with another aligned probe within 0.1mm, even if the
other probe has different dimensions. During probe rotations, the probe tip will keep its actual position.

Installation

In al newer systems, the lightbeam is included and will be installed during the system setup. For other
systems and changes read the instructions below.

The lightbeam switch must be installed in a fixed position with respect to the robot which is easily and
safely reachable with a vertically aligned probe. For the DASY 3compact system this would be a vertical
position at the table near the back corners, either at one of the sides or the back side. The lightbeam arm
should stand above the table level. For DASY 3 systems with RX90 or RX90L robots the lightbeam is
mounted on a special holder which is fixed underneath the robot. For the RX90L robot, an additional
holder brings the lightbeam higher up.

The free ends of the cable from the lightbeam are connected to the extension terminals of the robot.
These are found in the grey box connected to the robot back side or open on the upper back side of the
controller cabinet behind the panel. The wires are connected as follows:

brown wire to terminal 14

green wire to termina 15

white wire to terminal 16

black wire (shield) to any ground terminal

Checking the lightbeam

The lightbeam can be tested from the monitor window in the DASY software (RG: 3. Monitor). Entering
the command signal(3) in the monitor command line will turn on the power to the lightbeam. The
lightbeam uses avisible red LED signal. The command signal(-3) turns off the lightbeam power.

The signal from the lightbeam can be displayed on the teach pendant: First press the "display" button;
then select the "Digital 1/0" option from the upcoming menu on the teach pendant; last select the "in"
option. The digital input from the lightbeam is the third digit from the right in the teach pendant display.
It should be 1 with the lightbeam powered and O with the lightbeam off or interrupted.

Software setup

After the mechanical installation, the lightbeam position must be installed in the software. This procedure
must also be repeated if you import a new robot configuration file. Start the system with a well defined
and correctly positioned and vertically aligned probe (e.g., the dummy or dosimetric probe). A software
option leads to the automatic lightbeam recognition procedure by teaching two points in the lightbeam.
The procedure is described in the software reference guide: RG: 2.8 Robot (Teaching the light beam).
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2.11 Switching on

It is not necessary to follow a strict procedure while switching the system on. Every component will boot
up and the DASY 3 software will start communication when they are ready. However, you will miss al
boot messages (e.g., error messages) from the robot if you start the robot before the DASY 3 program.
The recommended procedure is as follows:

e Start the DASY 3 program.

e Click on the robot button . There will be abunch of error messages in the upcoming state
window because the communication is missing; just click on OK. This will bring up the empty
monitor window for all robot communications.

e Turn on the robot. In the monitor window (see RG: 4. Robot and Phantom Handling), you can
follow the boot process. It takes about one minute. After completion, the communication stops and
the teach pendant displays the message <NO PROGRAM PRIMED>.

e Mount the DAE with the probe and turn it on.

e Click on the robot button again. If the DAE is not communicating or sending an error message, the
DAE state window (RG: 3.5) will appear; connect the DAE, turn it on or see troubleshooting.
Otherwise, the robot state window (RG: 4.1) appears with the message <emergency stop active>.
Click on the <release emergency stop> button. If the message persists, see 5.Troubleshooting.
Otherwise, click on the <Arm Power On> button in the state window. This activates the ON button
on the remote control for 15 seconds (green blinking). Press the blinking ON button to power on
the robot arm. If the robot arm is not powering (the green lamp on the remote control is not on)
see troubleshooting. Otherwise, close the state window with the OK button.

e Note: Sometimes the error messages are not cleared automatically when the problem is solved
(e.g., after changing the batteries in the DAE). Click on the check button in the state window to
clear the error messages. If the state window is not open, clicking on the robot button will also
check the system and clear old error messages.

e Select the active components in the setup menu (RG: 2.) if something has changed since the last
use. The robot is now ready to use and al robot buttons and the pull-down menus are activated.

¢ Align the probe. After starting up, a default tool is set for the selected probe. Since the probeis
probably not exactly aligned with the sixth robot axis, the robot world coordinates will not give the
exact position of the probe tip but will normally be about 1 to 3 mm offset. Click the align probein
light beam button (see aso 2.10 Light beam) to correct the probe offset (RG: 4.2 User Interface).
Thisis optional for dosimetric measurements, since the offset only affects the device location in
the graphics. However, aligning the probe is highly recommended especialy for free space
measurements. If the probe alignment gives an error message see output in monitor window (RG:
4. Robot and Phantom Handling).

e Sometimes the robot movement buttons and section pull-down options are blanked after start up.
Then the phantom might not be installed (see install phantom (RG 4.2)) or contains invalid data.
Check the phantom data in the setup. If only the move to start (RG 4.2) button is active, then the
phantom is far away from the actual probe position and a direct movement to phantom pointsis
not save. Make sure that the way to the phantom start point is not obstructed and click the move to

start (RG 4.2) button.
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2.12 Switching off

If the green light on the remote control box is on, the arm is powered. That means that the breaks in the
joints are released and the robot is held in position by the motors.

Warning: Never turn therobot main power off while the robot arm is still power ed.

This might produce uncontrolled movements of the robot arm (up to 10cm in older systems) and damage
the probe.

The recommended turn off sequence is as follows:

e Bring the probe in a position where it can be easily cleaned or removed (e.g., the start position of
the phantom). The probe should not be very near other objects and out of the way (most probes
brake when people move into them while manipulating the phantoms). Some robot arm positions
might produce robot problems during startup (see 3.5.1 Robot calibration). Select a different turn
off position if you encounter such problems.

e Turn off the robot arm power. This can be done by pressing the on/off button on the teach
pendant or by selecting disable arm power in therobot pull-down menu. Switching off the DAE
or closing the DASY 3 program will aso turn off the robot arm power.

e Turn the main power of the robot off.

e Turn the DAE off. Closing the DASY software will aso turn the DAE off in newer systems. All
DAE will turn off automatically after loosing communications with the PC for about 15 minutes.

e Save al open documents and close the DASY program. The last settings are automatically saved
for future use.
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3.0 Robot

Description

The DASY 3 system uses the high precision industrial robots RX60L, RX90, RX90L from Staubli SA
(France). The RX robot series offers many features that are important for our application:

High precision (repesatability 0.02mm)

High reliability (industrial design)

Low maintenance costs (virtually maintenance free due to direct drive gears; no belt drives)
Jerk-free straight movements (brushless synchron motors; no stepper motors)

Low ELF interference (the closed metallic construction shields from motor control fields)

Robot arm break release

The robot arm uses brushless syncron motors on al axes. During normal operation, the robot arm is held
in position by the motor signals. When the arm power is turned off, the robot is held by brakes on axes 1
to 4. The brakes are only released by applying power.

Note: The transition from motor held position to brake held position can produce some movement at
the probe tip. Never turn the arm power off, when the probe is near other objects.

To move the robot arm without starting the software, the brakes can be released manually. The controller
must be turned on, but the software is not necessary. A turn knob on the back side of the robot arm lets
you select the axis, on which to release the brakes. Pressing the push button on the robot arm then
releases the brake on the selected axis:

Warning: Hold the arm when releasing the brakes on axis 2 or 3. Otherwise the the
arm will collapse and might destroy the probe or the robot.

Do not forget to switch the turn knob back to the O-position. Otherwise the robot arm will stay in
"emergency stop".

Robot controller

The robot uses its own controller with a built in VME-bus computer. It is delivered with a 19" cabinet
with the dimensions 55 x 78 x 80 cm (width x length x height). The cabinet can be placed up to 10m from
the robot (specia cables from Staubli required). The main power switch is on the controller. All other
functions are remotely controlled.

The controller needs a 3 phase power supply. The controller can be configured for the standard power
line voltages of most countries.
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3.1 Safety

3.1.1 General safety considerations

M ost countries have special regulations regarding personal safety in a robot environment.
Although the DASY3 system provides safety features, the customer remains responsible for
compliance with the specific robot safety regulations of the corresponding country.

The safety features provided in the DASY system are:

e An externa red warning lamp indicates if the robot arm is powered and the robot is under
software control. The lamp must be mounted, where it is clearly visible before entering the robot
workspace.

e The DASY software inhibits speed settings above 20% of the maximum robot speed. Higher speed
settings entered in the monitor window are automatically reduced to highest permitted speed.

e An emergency stop button is provided on the remote control box, which should be placed within
easy reach of the operator.

e The extension box provides free terminals to connect additional safety products like switching
floor mats, door switches, etc. These features can be disabled with the key switch on the remote
control box in manual mode (used for manual robot operations). In manual mode the blue lamp is
on and all automatic movements are disabled.

e Any contact with the probe during automatic or manual robot movements will immediately stop
the movement or turn off the robot arm power.

e Disconnecting the electronics box (e.g., for probe changes) will turn off the robot arm power.

e Therobot controller can be rewired to reduce the voltage to the motor amplifiers. This specia
safety mode is called "turtle mode" (see 3.7.2 Turtle mode operation). Stéubli offers the controller
optionally with switchable turtle mode for manual operations. The DASY system works well with
reduced voltage. See the installation documents if the voltage has been reduced.

The customer must provide the following minimum requirements for safe robot operations:

e The system must be placed so that nobody not involved in the measurement process enters the
working area of the robot (e.g., no light switch behind the robot). The safe area around the robot
must be clearly marked (warning signs, floor markings, barriers, shielded room).

e Only instructed persons should operate the system.
e Thebulb in the red warning lamp must be replaced when blown.

e The operator may enter the robot working area (e.g., for installation, teaching, etc.) only with the
arm power turned off or with the teach pendant in hand with the "dead man switch" functional.
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e Before any manipulation on the arm (e.g., changing probes or manual break release), make sure
the robot arm power is off.

e Before any maintenance in the controller cabinet, disconnect the main power cord.

e Do not keep any flammable or corrosive materials in the working range of the robot.

See also the safety regulations in the robot manual provided by Staubli (Chapter 1 Safety).

3.1.3 Safety chain

The robot system provides a "safety chain” for emergency stops. Thisis a single wire link passing
through all safety components. Any interruption of the safety chain will immediately remove the high
voltage supply from the motor amplifiers and the release voltage from the breaks in the robot arm joints.
An open safety chain is indicated with the red "fault" lamp on the front panel of the robot controller.
(Note: In case the safety chain fuse or the fault lamp is blown, ared LED marked "ESTOP" on the SIO-
board of the robot controller also indicates an open safety chain). The safety chain includes the following
components:

e Emergency switch on the front panel (self locking knob)

e Emergency switch on the remote control (self locking knob)

e Emergency switch on the teach pendant (self locking knob)

e "Dead man switch" on the teach pendant

e Turn knob on the back panel of the robot arm (used to enable the manual break release knob)

e Relay on the DASY3 PC-board. If the PC is turned off or the cable is disconnected, the safety
chain is open. The DASY 3 software activates this relay either during normal system operation or
after an "emergency stop override" for robot maintenance. See 3.6 Probe collision detection for
more information.

e Optional safety circuitry viaterminals 19 and 20 of the robot extensions (see 3.2.2 Robot
extensions)

The safety chain is aso open, if any of the extension cables J11 or J12 (sub-d connecters to the back side
of the robot controller) or the teach pendant cable are disconnected from the controller. The blind
connector supplied by Staubli must be used to operate the robot without these extensions.

Note: The emergency stop buttons should be used for emergencies only. Turning the arm power
off or stopping an ongoing movement should be done using the software.
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3.2 Setup and connections

Drawings for the system setup and robot interconnection can be seen in the application note AN:System
Description and Setup.

3.2.1 Signal lines

The DASY 3 system uses severa interlinked programs:

e The actual DASY 3 program written in C++ and running under Windows 95, Windows 98 or
Windows NT. The priority of the DASY program is determined from the operating system. It can
operate fully in the background.

e The signal processor program running on the PC board written in assembler and C. It is
responsible for safety of the timecritical operations and controls the low-level links to the robot
and the DAE.

e Up to three programs written in V+ run simultaneously on the real time multitasking robot
controller. They control the robot movements and background safety operations.

The software on the robot controller are automatically downloaded from the DASY 3 program. During a
software update, no robot operations are necessary. Since downloading is slow, the robot software is also
stored on the hard disk in the robot controller. Automatic program start on the controller is enabled,
when the top microswitch on the controller SIO-board isin the "ON" position. The DASY 3 software still
checks the robot software version on the controller and automatically downloads newer versions after a
DASY update.

Two serid links connect the robot controller to the PC:

e A high level link connects the DASY 3 software through a serial "COM" port to the "Monitor"
connector of the robot controller. It is used to display the robot communication, download
software, send DASY 3 commands and receive robot messages.

e A low level link connects the signal processor on the plug-in board with a direct software
controlled serial port on the robot controller. The two processes exchange coded data for real time
critical operations (e.g., surface detection or emergency movement abort). This link is supervised
by watchdog; disconnecting this line will immediately produce an emergency stop.

The status of both lines is displayed in the status window of the DASY 3 software.
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3.2.2 Robot extensions

For hardware extensions, the DASY 3 system uses aterminal row connected to the robot extension
connectors J11 and J12 on the back side of the robot controller. The terminal row is either built into a
grey connector box or built into the controller cabinet behind the back panel. It provides terminals for the
following extensions:

e Safety lamp (red/blue). The lamps can be tested from the monitor window in the DASY software.
The command signal(1) turns the red light on, the command signal(2) turns the blue light on. The
commands sighal(-1) and signal(-2) turn the lights off again. Using DASY 3 will also bring the
lamps back to the correct state.

e Theremote control provides an emergency stop button, akey switch for manual/automatic mode
and an on/off push button. The key switch must be in auto mode for normal operation and during
the robot boot process. The on/off push button turns the arm power on and off (see 2.11
Switching on and 2.12 Switching off).

e A cableto the DASY plug-in board for emergency stop. (see 3.1.2 Safety chain)

e A connection to the light beam unit for probe alignment. (see 2.10 Light Beam)

e Four terminals are provided for optional safety circuitry (switching mats, locks). Terminal 17
(24V, 2A fused) and terminal 18 (0OV) can be used to supply specid circuitry. Terminals 19 and 20
are in the safety chain and must be shorted when no circuitry is connected.
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3.3 Robot software and elementary commands

3.3.1 Monitor window, V+

All common operations in the DASY 3 system can be accessed through the DASY 3 user interface.
However, sometimes it is necessary to access the robot directly to enter commands or to display error
messages from the robot. This can be done in the monitor tab (RG: 4. Robot) in the DASY 3 robot
window which displays the monitor of the robot controller. All communications on the seria link
between the DASY 3 software and the robot are displayed. Commands can be sent to the robot or
programs on the robot controller can be written in the robot command language V+. Check the Staubli
documents for a description of the V+ language.

The robot window must be opened in the DASY 3 software to access the robot. It is recommended to
open the monitor tab before switching on the robot controller. That way you can see all error messages
that might be displayed during the robot boot process.

3.3.2 Elementary robot commands

The following table shows a few V+ commands that might be useful. Other commands necessary for
diagnostic or specia robot procedures are explained in the corresponding sections. The commands can be
entered with upper or lower case letters. In the table the upper case denotes controller instructions and
lower caseis used as spaceholder for necessary parameters.

Command Description

SPEED v The speed (v) of the robot can be set as a percentage of the maximum
speed (100) with a value between zero and 100. For safety reasons the
speed is restricted to 20.

WHERE Shows the actual probe tip location in the robot world coordinate
system

EX DA3.WHERE Shows the actua probe tip location in the phantom coordinate system

STAT Returns the current robot status (speed information, current robot
mode, program tasks, etc.)

DO DEPARTS xx Moves the probe the distance xx in mm backwards on a straight line.

This is a safe operation (for positive xx) that can be used when the
probe is stuck in the surface.

Note: All commands starting with " EX DA3." are software commands for DASY 3 programs which
are downloaded to the controller. They are stored in two files on the harddisk (auto.v2 and
da3.pg), which should not be deleted or edited. If you want to use the robot without the DASY 3
software, switch off the top microswitch on the SIO-board on the controller and reboot the
controller. To clear the emergency-stop of the DASY 3 plug-in board select Robot:Overwrite E-
Stop from the robot menu in the DASY 3 software.
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3.4 Robot coordinate system

The teach pendant allows manual control of robot movements in three different modes, "WORLD",
"TOOL" or "JOINT". After pressing the "M AN/HALT" button one of the modes is selected, indicated by
a LED above the emergency stop button. (The "FREE" mode can be selected, but is aways disabled).
Pressing the "M AN/HALT" button again selects the next following mode. The buttons "X/1" to "RZ/6"
on the right side select the coordinate axis or joint to be moved. The movements are executed with
different speeds by pressing the "+" and "-" fields. The movements are completely different for the three
modes, therefore:

Always make sure you have selected the correct mode for manual movements !!!

Always start a movement with low speed and check the movement !!!

World coordinates

The world coordinate system is an absolute coordinate system with the origin at the intersection of joints
1 and 2 of the robot arm. The z-axis is vertical and the x-axis goes straight to the front of the robot. The
movement buttons X, Y, Z in WORL D mode enable straight movements in the world coordinate axes.
The movement buttons RX, RY, RZ enable rotations around the coordinate axes. If the DASY software
has started, the rotation center is the tip of the actua probe.

The world coordinates of the probe tip can be displayed in the monitor tab by entering the robot
command "WHERE", or continuously on the teach pendant by pressing the "DISPLAY" button and
selecting the "WORLD" option. The coordinates X, Y, Z are given in mm,; the angles Yaw, Pitch, Roll in
degree. Yaw, Pitch, Roll is a standard denotation of orientations in space (used in robotics, avionics etc).
Any orientation can be derived with these angles from the origin system as follows: (1) Yaw is a positive
rotation around the z-axis. (2) Pitch is a positive rotation around the new y-axis after applying Yaw. (3)
Roll is a positive rotation around the new z-axis after applying Yaw and Pitch. A vertical downward
aligned probe has the angles 0°, 180°, xx (any probe rotation angle).

Aligning the probe manually could be tedious. The DASY software allows automatic alignment of the
probe to the nearest world coordinate axis. (See RG: 4.2 Align Probe)

Tool coordinates

The tool coordinate system has its origin at the probe tip and is oriented with respect to the probe. The z-
axis looks in the probe direction. For dosimetric probes the x-axis is normal to front of the DAE holder.
For probes with probe oriented sensors, the x-axis is in the direction of the X-sensor in the probe. The
movements and rotations in the tool mode are based on this system and depend on actual orientation of
the probe. A +Z movement is always in the positive direction of the actual probe.

Note: For vertically downward aligned probes a +Z movement in the tool mode is down, in the world
mode it is up. Heed the warnings above.
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Joint angles

In the joint mode each robot joint axis can be moved individualy. The joint numbers and directions are
marked on the robot arm. The joint angles can be displayed on the teach pendant by pressing the
"DISPLAY" button and selecting the "JOINT" option.

Note: Always change back to "WORLD" option before your press the "COMP/PWR" button.

Each joint angle in the robot has a lower and upper limit. These limits are imposed by software and can
be changed (see 3.7.1 Joint Angle Limitations). If the user or a program tries to move any joint beyond its
limits, the movement will stop at the limit and an error message (joint <x> out of range) is displayed in
the monitor tab and on the teach pendant.

Note: In manual world mode and tool mode the robot only moves along the selected coordinates and
keeps all other coordinates and angles constant. All joints will rotate synchronously for the
movement. Even in straight movements, ajoint limit can be reached and the movement will

stop.

Phantom coordinates

Some phantoms have their own coordinate system. These coordinates are used exclusively by the DASY3
system; manual movements in the phantom coordinates are not possible. However, the probe can be
automatically aligned to the phantom coordinate system. (RG: 4.2 Align Probe to Phantom)
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3.5 Absolute position recognition and recovery

3.5.1 Calibration

The RX robots use absolute position recognition. There is no need to bring the robot arm to areference
position after startup. The RX90 and RX90L robots use absolute angle resolvers in the joint axis. The
RX60 robot uses incremental resolvers and battery backed counters (see next section).

The calibration procedures during the boot process of the robot controller reads the joint angles and
calculates the absolute position of the robot arm and the position uncertainty. For some rare combinations
of the robot joint angles, the uncertainty is above the limits and the robot cannot be cdibrated. In the
monitor tab the following message is displayed:

Prefer to move joint xx

Therobot arm can be powered, but only in manual joint mode. Move the joint indicated in the message
(either with the teach pendant or with switchs at back side of robot), turn the arm power off and reboot
the controller. If the message persists, try to bring the robot in anormal position and reboot. You can use

the emergency stop override (see RG: 4.1) if you want to turn the arm power on without mounting the
DAE.

Note: If you have problems with calibration in the park position (e.g. phantom start point), change the
park position.

3.5.2 RX60 battery system and position recovery

The RX60 robot uses battery backed circuitry in the controller for absolute position recognition. The
battery switch on the back side of the robot controller must be on (red).

The controller must be switched on for several hours each month to keep the battery charged.
If the system isnot used for several months, turn off the battery switch to avoid deep discharge.

The absolute position in the RX60 robot is lost if (1) the cable between the robot and the controller is
disconnected, (2) the battery switch is turned off while the controller is not powered or (3) the battery
runs out of power. The robot boot process is interrupted with the request to recover the"V_REG"
position. Continue as follows:

e Remove the DAE from the robot arm.
e Activate the "Overwrite E-stop” in the DASY software (see RG: 4.1).
e Turn the arm power on. The controller will switch to manual joint mode.

e Bring the robot arm in an upright position, so that all arm markings are aligned (+ 2° is sufficient,
the robot will search the correct zero position).

e Follow the controller instructions on the monitor tab. The complete dialog is shown below (robot
messages are in Courier letters, user input is bold). The robot number is the number on the Staubli
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documents followed by "01". (Example for the scribe file: C:\59718601.M RK)

Do you want to recover the V_REG position now (YN ? Y

*** \/_REG PCSI TI ON RECOVERY ***
AXI S RECOVERY STATUS
(0: need to be recovered / 1: recovered)
Axis1: 0Ais4: 0
Axis 2: 0 AXis5: 0
Axis 3: 0 AXis 6: 0
=> ROBOT NOT CALI BRATED <=
(Note : all axes have to be recovered to calibrate the robot)
0 => Exit
1 => Recovery for axis 1
2 => Recovery for axis 2
3 => Recovery for axis 3
4 => Recovery for axes 4, 5 and 6 (sinultaneously)
5 => Recovery for all axes

Enter selection : 5

Enter the name of the scribe marks file (press ENTER to cancel)
(unit:\dir\name.ext - default '.ext' is '.MX) : C:\<robot number>.M RK

Pl ease foll ow the instructions bel ow :

1: Using the Teach Pendant or brakes rel ease, nmove the armto put
all the joints around the scribe marks.

Press ENTER when done

2: WARNING - Check if the armis able to nove.

Continue (YN 2 Y
3: Push the 'Arm Power On' button and press ENTER when done.

Running .. -

RPT. CAL RELEASE NUMBER D 241 612 01 C

The V_REG position is now recovered and the robot is calibrated.
Type 0 in the V_REG Position Recovery nenu to exit.

Press ENTER

*** V_REG PCsI TI ON RECOVERY ***

AXI S RECOVERY STATUS

(0: need to be recovered / 1: recovered)

Axis 1: 1 AXis 4: 1

Axis 2 : 1 A&Xis5: 1

Axis 3: 1 AXis 6: 1

=> ROBOT CALI BRATED <=

(Note : all axes have to be recovered to calibrate the robot)
0 => Exit

Enter selection: O
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3.6 Probe collision detection

To protect the valuable probes from destruction, the DASY 3 system includes hardware and software
components to detect probe collisions and react accordingly. The DAE box has 2 switch systems in the
probe fixture. The first system (probe touch) detects frontal probe collisions. During mechanica surface
detection this switch is used to find the phantom surface. The second switch system (probe collision)
detects lateral probe collisions or frontal probe collisions with more than 10mm penetration. The probe
connector can be pushed 20mm into the DAE-box.

After detecting a probe collision, the software on the signal processor will abort any ongoing software
controlled movement or turn the arm power off, if the collision occurs during manua movements. The
robot must acknowledge the requested abort commands within a few milliseconds, otherwise the signal
processor will make an emergency stop. After expected probe collisions during mechanical surface
detection, the program continues normally. After unexpected probe collisions, the movement procedure is
aborted and an error message is displayed.

The state of the two switch systems is displayed in the state window. (See RG: 4.1 State Information of
Robot)

If only the probe touch switch isin, the robot arm will stay powered or can be turned on again. Use the
"Lift probe" buttons to bring the probe away from the surface. (See RG: 4.2 Robot Toolbar Commands).

If the probe collision switch is in, the robot arm cannot be powered again. Lift the DAE in the holder,
turn on the robot arm, move the probe backward and reposition the DAE. If you want to have exact the
same probe positions as before, you must realign the probe in the light beam. (See RG: 4.2 Robot Toolbar
Commands).
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3.7 Robot options

3.7.1 Joint angle limitations

The working range of each joint in the robot can be limited by parameters written to the robot controller.
This can help prevent possible collisions in cases where the robot is placed in atight place. The joint
limitations have been set during installation for optimum performance of the DASY system. If you
change the joint limitation, please regard the following points:

e Do not limit the movements for norma DASY operations. If that happens, the robot will stop with
the error message "Joint <n> out of range" displayed on the teach pendant and the monitor
window of the DASY software.

e Do not decrease the lower joint limits on axis 3 or 5. Otherwise collisions with the black
converterbox (EOC) on the robot might occur.

e Make sure that the robot is positioned so that the all axes are within the new limits. Otherwise the
robot will refuse operation afterwards with the message "Joint <n> out of range".

The following describes the procedure to change the joint limits. Bold characters are software entriesin
the monitor window of the DASY software, always terminated with the enter-key.

1. Start the robot and the DASY software. The robot must be ready to run (calibrated).

2. Abort the DASY software by entering:

.abort 4

abort 5

.Zero

Are you sure (YYN? Y

3. Overwrite the DASY emergency stop by selecting the pull-down menu Robot Overwrite E-Stop.

4. Start the utility program on the controller. The name of the directory depends on the robot controller
version; it always starts with util_ or ut_ . The directories can be displayed by entering the command fdir.

.cd util_4e3

Joad spec.v2
. PROGRAM a. spec()

.ex 1 a.spec

5. Move through the menu

**% ADEPT ROBOT SPECI FI CATI ON PROGRAM ***
(Version 11.4Q)
Copyright (c) 1988-1996 by Adept Technol ogy, Inc.
Servo code version: 11.4C 3 Servo rate: 500 Hz
ROBOT 1: P60L_STD.SPC . D 241 647 00 A. M6-RPT . 18/07/97 . V+11.4E3 V P2 .
Restricted access node (formerly CONFI G R
0 => EXit to system nonitor
1 => Enter password to increase access
2 => Perform hardware di agnostics
3 => Edit robot specifications
4 => Load robot specifications froma disk file
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5 => Save robot specifications to a disk file
6 => Save ALL specifications to system disk

Enter selection: 3

*** ROBOT SPEC FI CATI ONS ***
ROBOT 1: P60L_STD.SPC . D 241 647 00 A. M6-RPT . 18/07/97 . V+11.4E3 V P2 .
0 => Exit to main nmenu
1 => Edit robot initialization specs
2 => Edit joint notion specs
3 => Edit general notion specs

Enter selection: 2

6. Change the joint motion limits. Repeat these steps for each axis you want to change. (Don't forget the -
sign for negative angles ') Example:

*** ROBOT 1/JO NT 1 MOTI ON PARAMETERS ***
0 => Exit

=> Change j oi nt nunber

=> FINE nulling tol erance (cts).. 13

=> COARSE nul ling tol erance (cts) 135

=> Lower joint linmt (nmmor deg). -160

=> Upper joint linmt (mmor deg). 160

b~ wWN PR

Enter selection: 1
Enter joint nunmber to edit: 5

*** ROBOT 1/JO NT 5 MOTI ON PARAMETERS ***

=> Exit

=> Change j oi nt nunber

=> FINE nulling tol erance (cts).. 10

=> COARSE nul ling tol erance (cts) 100

=> Lower joint linmt (mmor deg). -109.5

=> Upper joint linmt (mMmor deg). 120.5

Enter selection: 4

PARAVETER (Range -109.5 to 120.5) CURRENT VALUE NEW VALUE

Lower joint linmt (nmor deg) -109.5 -75

O~ wWNEFO

*** ROBOT 1/JO NT 5 MOTI ON PARAMETERS ***

0 => Exit
=> Change j oi nt nunber
=> FINE nulling tol erance (cts).. 10
=> COARSE nul ling tol erance (cts) 100
=> Lower joint linmt (mMmor deg). -75
=> Upper joint linmt (mMmor deg). 120.5

O~ wWN PR

7. Save the changes and leave the utility program:

exit O

exit to main menu O

save all specifications to system disk 6
wite to boot disk Y

boot disk (a/c)? C

Ktowite (y/n)?2 Y
press return to continue

exit to system nonitor 0

8. Reboot the robot immediately. Don't use any DASY 3 buttons beforehand; otherwise the system will
start downloading the robot programs again. If this happens, do not interrupt the download process. Wait
until it is finished and then reboot the controller.

The maximum working range for the robots are:
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AXxis 1
AXis 2:
AXis 3:
AXis 4.
AXis5:
AXis 6:

min
-160°
-127.5°
-134.5°
-270°
-109.5°
-270°

RX60L
max
+160°
+127.5°
+134.5°
+270°
+120.5°
+270°
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min
-160°
-137.5°
-142.5°
-270°
-105°
-270°

RX90(L)
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max
+160°

+137.5°

+142.5°
+270°
+120°
+270°
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3.7.2 Turtle mode operation

The robot controller (only CS7(M) versions) in the DASY 3 system has been rewired for "turtle mode"
operation. In this mode the motor amplifier works with reduced voltage and the robot has less
acceleration force. This mode is meant for safe operation during times when the operator has to be in the
robot area. Stéubli offers an optional switching system to select normal or turtle mode from the front
panel. As the high speed is not needed in the DASY system, the controllers are wired for turtle mode.
This document describes how to bring the robot back to normal mode.

1

2.

Switch the controller off and disconnect the main power line to the controller.
Disconnect the teach pendant cable at the bottom left side of the black front panel of the controller.

Unscrew the black front panel (4 screws) and turn it carefully away to the left side. You have to
disconnect the cable to the PC-board with the LED's inside the front panel, in order to move the
front panel out of the way for the following operations.

Behind the black front panel there are three large and numbered units of three fuses each. The
numbers are: (7, 8, 9), (21, 22, 23) and (43, 44, 45). Fuse unit (43, 44, 45) is used for "turtle mode
operation; unit (21, 22, 23) is used for norma mode operation. Open the fuse unit (21, 22, 23) and
the fuse unit (43, 44, 45).

To switch to normal mode operation, remove the three fuses from group (43, 44, 45) and insert
them to unit (21, 22, 23).

To switch to turtle mode operation, remove the fuses from group (21, 22, 23) and insert them to
unit (43, 44, 45).

Close the fuse unit with the three inserted fuses. Never use fuses in both fuse units simultaneously!

Reconnect the cable to the LED-board of the front panel, close the front panel and reconnect the
teach pendant.

Write down and inform all operators about the changes. The safety requirements are more
stringent in normal operation mode, because the robot has much more force and acceleration.
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3.7.3 Installing cabinet

10.

Unpack the cabinet carefully (contains glass!).
Remove the top cover by loosening the screws at the corners.
Remove the cardboard-packed (and leave packed for now) glass door from the cabinet.

Fit support feet (4pc provided) into the hexagonal screws on the bottom side of the cabinet and
adjust the feet for correct stability of the cabinet.

Place the cabinet in a convenient position.

Remove all cables from the robot controller and insert the unit carefully viathe front opening of
the cabinet. Preferably use the hooks supplied with the controller to lift and carry the controller.
Make sure that the sheet metal supports of the controller do fit into the slots in the dluminum rails
inside the cabinet. DO NOT lift or carry the controller by holding it at the metal handles on the
lower part of the front panel!

Reconnect all cables to the controller, removing back plates temporary for convenience if
necessary. Replace the serial link cables with those provided with the cabinet kit and lay them
around the controller so that they leave the cabinet at the rear side opening. Install the extension
cable for the teach panel in asimilar way. At this point, you may earth the installation by
connecting the common earth point of the cabinet (left back bottom corner) to a solid grounding
point in your lab.

Carefully unpack the glass door and install it on the lower hinge pin and secure it with the top
hinge pin provided with the small parts inside the packaging of the door.

Connect the earth cable of the top cover to the terminal in the right back corner of the cabinet
using the washers and bolt provided (1. plain washer, 2. cable terminal, 3. indented washer, 4.
bolt); see aso the included original instruction sheet.

Secure the top cover with the 4 bolts and finish by covering them with the plastic caps provided.
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3.7.4 Additional setup for RXB robots
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Stéaubli has discontinued production of the RX robots and CS7 controllers and replaced them with the
corresponding RXB and CS7MB series. The specifications are the same, but the controller has changed
(ethernet connection, no floppy disk support). To run the DASY 3 system additional settings have to be
specified after the installation. With the ethernet option data can be transferred to a PC (Network File
System (NFS) has to be installed). For more information about the Ethernet option please follow the
documentation in the Staubli manual AdeptNet User's Guide (D.280.248.04.B - 11/96, Rev.A).

3.7.4.1 Additional DASY 3 settings with RXB robots

1. Open the robot window in DASY 3 and start the configuration program:

.cd util

Joad config_c.v2
. PROGRAM a. config_c()

.ex laconfig_c

2. Select the following two menus

4 => Controller NVRAM
4 => SET "SWTCHES" in the NVRAM

3. Adjust so that the settings are as below:

User interface via V@ or serial port
Enabl e V+ auto-start

Boot sequence is AB CD

Enabl e aut o- boot

Di sabl e DDT serial I/O on auxiliary CPU

4. Quit the program and restart the controller to apply the settings.

3.7.4.2 Enabling usage of PC Floppy for exchanging data with robot

1. Open the robot window in DASY 3 and start the configuration program:

.cd util

Joad config_c.v2
. PROGRAM a. config_c()

.ex laconfig_c

2. Select the following two menus

4 => Controller NVRAM
4 => SET | P address in the NVRAM

3. Select a possible I P address and the same subnet mask you use in your network.

| P address: 10.0.0. 100
| P subnet mask: 255.255. 255.0
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3. Select menu below

2 => V+ System Configuration Data
Change the mount 1 entry (Replace 'SERVER' with the PC network name) and the Node 1 entry (Replace
'SERVER' with the PC network name and the PC network IP address). Add an entry LOCAL_ID as
specified below.

. NETWORK

LCCAL_ID = "/MACH NE 'RX /U D 200 /A D 200"
MOUNT 1 = "/MOUNT "a:\' /NCDE 'SERVER /PATH '/a'"
NCDE 1 = "/NCDE ' SERVER /ADDRESS 10 0 0 2"

4. Setup the NFS-Server on the PC

Open the file nfs.zip which is supplied on the DASY 3 CD (directory addons). Open the file install.txt and
perform the installation on the PC as described therein.

5. Connect the ethernet cable between the network card of the computer and the AWC-board on the
controller.

6. Quit the program and restart the controller to apply the settings.
7. Enter the following command to show the directory of the PC-Floppy on the controller
fdir nfs>al\

8. For troubleshooting see chapter five in manual AdeptNet or the install.txt file in the nfs.zip file.
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4. Software

The DASY 3 software is designed to work with DASY 2 DAE or/and DASY 3 hardware. It iswritten in
Visual C++ (full 32-bit version) and runs under Windows 95/Windows98 or Windows NT. The software
is built in amodular way with dynamic link libraries. This allows new components to be easily appended
and to be changed according to existing components and to specia customer needs without the necessity
of rewriting the whole software.

The DA SY 3-Software makes use of al system components to alow field measurements on these
hierarchical complexity levels.

4.1 Introduction

The DASY 3 system combines a sophisticated measurement system with avariety of probes (E-field, H-
field, temperature, ...) and a high precision 6-axis positioner. The combination allows for completely
automated measurement scans and evaluations using both field and position information (e.g. volume
averages, peak search, extrapolations, ...). The main purpose is for measurements in the near-field of
radiators, where the field is highly non isotropic and the exact measurement location is of high
importance. Specia effort went into the important area of dosimetric measurements where the situation is
complicated by the presence of phantoms and the need for probe calibrations in lossy media.

The dosimetric measurement system has many components (Phantom, Solution, Positioner, Source,
Probe, Electronics, Evaluation procedures). All have their influence on the result described in the
numerous parameters of each component.

The relative position and orientation of several objects in space is crucial for measurements and
visualization (phantom, source, measurement locations, probe sensor orientation).

To keep so many parameters and settings under control could be amajor headache and source to
innumerous user errors. The main aim of SPEAG is to give the customer a system that is robust and
reliable. This also means necessarily that the system is highly automated, easy to use and uses a
sophisticated management of all necessary settings. This is achieved throughout the DASY 3 software by
following principal features.

e Every system component has its own configuration dataset with all necessary parameters. They can
be exported and imported to the software and are delivered together with the components from
SPEAG (see 4.4 Configuration files)

e Equaly, all user settings (e.g., measurement grids, visualization) are stored in datasets that can be
exported, imported and referenced in later measurements (see 4.4 Configuration files).

e Measurements can be defined on several hierarchical levels, from a simple local field measurement
to complex batch procedures involving many field scans, evaluations, robot commands, etc. (see
4.5 Field measurements or 4.7 Field scans).

e The measurement documents include all parameters used so that the settings can be checked at any
time (see 4.7.1 Document files).

o Different protected access levels can be set according to the user involvement with the system.
While the casual user can start any previously defined measurement on the lowest level, they
cannot erroneously change any crucial settings (see 4.4 Configuration files).

e A vdlidation procedure tests the complete system for correct settings and undamaged components
(see 4.9 System validation and checks).
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4.2 Installation and update

To perform an update from a previous installation, perform the following steps:

1

Make a backup of your configuration files (either export all probes, devices, etc. to afloppy disk
or copy the system configuration files core.cfg, robot.cfg and calib.cfg (located in the program
directory of the previous installation) to another directory (or afloppy disk).

Perform afull DASY 3 installation (4.2.1) with the CD-ROM to the same directory to which the old
version was installed.

Start DASY 3; if you want to measure Irdium phones, delete the current generic twin phantom in
the setup config dialog and import the new configuration file 'generic twin.cfg' from the directory
\ Pr edefined).

4.2.1 Installation

The DASY 3 software is license protected due to the graphics software package we use. If you do not
know your license key, contact us with the volume serial number of your hard disk (c:\). (Run the ms-
dos program from windows (menu Start Programs Command Prompt) and type in the command dir /p.
In the first lines the volume serial number will be displayed (XXXX-XXXXX)).

e Toinstal DASY3 for Windows 95/Windows98/Windows NT 4.0 insert the CD-ROM, run the

program setup.exe in the directory 'DASY3\DISK 1\' and perform the steps of the installation
program. (To install the online user manual and software reference guide (help option selected in
installation dialog Select Components) Internet Explorer 4.0 or greater has to be installed on the
computer before, otherwise afile error will appear (please reinstall without the help option
selected).

Restart your computer and start the DASY 3 program.
Select Setup Config ... from the menu and change to the Configuration tab in the dialog.

Press the Import button in the dialog. A File Dialog will appear. Change to the directory
‘Configuration data on the CD-ROM and select all files (press SHIFT - Key and select the first and
the last entry).

4.2.2 Verifying installation

If you are not sure whether you have all options installed, check if the following files are in the program

directory:

File Description

dasy3.exe, da3core.dll, da3full.dll, da3calib.dll  Main program and dynamic link libraries
da3boardv3.dll DASY 3 PC-board support

da3e3d.dll E-field probe 3-dimensional

da3h3d.dll H-field probe 3-dimensional

da3temp.dll, da3tempscan.dll Temperature probe and temperature scan support
da3eld.dll E-field probe 1-dimensional

Imported configuration datais stored in the files core.cfg, robot.cfg and calib.cfg in the program
directory.
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4.2.3 New features DASY3 V3.1c

Note:

Measurement support for satellite phone measurements. (4.8.2 Irdium Phones)

Additional robot commands (probe rotation, probe lift and align probe to phantom). (RG: 6.8
Robot commands)

New graphics features including (re-)position absolute to the origin point, dB-scale, scale on the
bottom of the graphics and automatic adjusting of line thickness of isolines. (RG: 2.9 Graphic
Formats)

New scan which allows battery power measurements. (RG: 6.6 Time Sweep)

New robot software for support of Light Beam. (2.10 Ligh Beam)

Changes in User Interface.

Support for one dimensional E-Field Probe. (2.6.1 E-Field Probe)

New User Manua and Sofware Reference Guide.

If you had DASY3 V1.0b installed please contact Schmid & Partner Enigneering AG for a new
license key for the software if its not written on the CD-Rom. (Please have your volume seria
number ready).
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4.2.4 New features DASY3 V1.0b

e New robot command E-Stop overwrite, Enable power. (RG: 4.1 State information of robot)

e Movements between sections in liquid. (RG: 2.7.1 Sections)

e Reference point and origin in phantom. (RG: 2.7 Phantoms)

e Sound or message-beep to signal end or abort of measurements. (RG: 2.1 Access rights)

e Additional surface checks. (RG: 6.9 Surface check)

e Robot commands possible during measurements. (RG: 6.8 Robot commands)

o Free Space measurements (probe must no longer be parallel to z-axis of robot anymore). (4.6.2
Origin, drid and device orientations)
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4.3 Access levels
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If several people use the system, we recommend having one system operator (Administrator) who defines
all measurement procedures and phantom settings. This prevents incorrect measurement data due to
improper parameter settings from users who are not very familiar with the system. DASY 3 software
allows the configuration of different access modes. (RG: 2.1 Access rights)

4.4 Configuration files and parameter sets

Database for all components with their crucial parameters (RG: 2. System configuration ):

Component Installed by
Probe SPEAG
PC-board SPEAG

Data acquisition SPEAG
Measurement Profile Administrator
Medium User

Device User

Graphic format Administrator
Phantom SPEAG/Administrator
Robot SPEAG
Signal Generator Administrator
Power meter Administrator

Manipulation of datasets:

view parameters (user)

edit parameters (see table)
create dataset (see table)
delete dataset (administrator)
import (admin) (device: user)
export (admin) (device: user)
example: installing
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Full (partial) access level for
editing

Manufacturer (Administrator)
Manufacturer (Administrator)
Manufacturer (Calibration)
Administrator

User

User

Administrator

Administrator

Manufacturer (Administrator)
Calibration

Calibration
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4.5 Field measurements

4.5.1 Data evaluation

The DASY 3 field measurement unit can be used alone or can be called from jobs involving robot
commands. The data acquisition is the same for both applications. The DAE3 electronics delivers 16bit
digitized values at arate of 7812 readings per second. The DAES3 switches between the required input
channels and amplifications. For three channel measurements the rate is 2604 complete measurements per
second. The incoming data are prefiltered on the PC-board and transferred at a slower rate to the DASY3
program, where the final filtering and integration takes place. The DASY 3 software periodicaly requests
ameasurement with short-circuited inputs from the DAES3 to compensate for the amplifier offset and
drift. Filter characteristics, measurement times, DAE3 amplification and autozero cycles can be selected in
the measurement profile (4.5.4 Measurement profile).

Thefirst step is the evaluation of the input voltage in microvolts at the DAES3 input using the calibration
parameters of the DAE3 unit. This DAE3 input voltage is the primary unit in the DASY system from
which all other units are derived. Probes with detector diode sensors are nonlinear. Below the diode
compression point, the output voltage is proportional to the square of the applied RF-voltage; above the
diode compression point it is linear to the RF-voltage. The compression characteristics of each DASY3
probe sensor are specified, and the correction is done automatically in the system.

Note: Dueto the high probe impedance, the amplifier input voltage also depends on the input
impedance and bias current of the amplifier. If the probes are used on a different amplifier type,
their sensitivity and offset can be different.

Depending on the probe type, the E-field or H-field values are evaluated from the input signal and the
probe calibration data. This evaluation includes linearization of the diode characteristics and frequency
correction of the probe response (if necessary). The field evaluation is done separately for each sensor,
same as the calibration. The field values can be displayed as components or as atotal. (See AN: Data
Storage and Evaluation for more detail on the evaluation). The total field value is the RSS value of the
component values. For power related values, the total is the sum of the component values.

SAR or equivalent power density can be calculated from the field values, if they make sense in the actual
setup. (E.g., SAR isonly available for E-field probes in lossy media, while power density is only
available in lossless media).

The multimeter option in the DASY 3 software gives direct access to the field measurement unit. It can be
used without powering the robot. The data can be displayed as values or as a function over timein the
scope window. Single or continuous measurements and data export to ASCII-files are possible. For more
details see RG: 3. Multimeter option .

Pulsed and modulated signals

The probes have low pass characteristics with a corner frequency of around 20Hz, due to the high probe
impedances and the amplifier filters. The probe output does not follow the fast modulations of the RF
signal, but gives an averaged (RMS) reading. For signal levels in the square law region of the detector
diode, this gives the desired RM S value for any modulation scheme. However, for larger signal levels the
averaged signal might be below the compression point, while the peak signal is in the compression area.
In that case a compensation would be necessary for all levels above the compression range.
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The DASY 3 system alows to specification of crest factor of the signal source (RG: 2.4 Device). The
crest factor is defined as the relation between peak power and average power in a signal. For pulsed
signal the crest factor isidentical to the duty cycle. (For signals that pulse between 100% and 50% power
the crest factor is different from the duty cycle). The crest factor is used to calculate the peak power in the
signal and perform the compensation of the diode compression on the peak power. The following list

gives the necessary crest factor settings for different mobile phone systems:

System Crest factor
Anaog (NMT, AMPS) 1

GSM 8

PCS 3

DECT 25

CDMA 1

Note: CDMA in normal operation has a crest factor that varies with the traffic on the channel.
However, in test mode CDMA devices give continuous output power.
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4.5.2 Liquid parameters and SAR

The SAR depends strongly on the parameters of the simulating solution. In the DASY 3 software, each

solution has its own set of parameters. The liquid conductivity is used to calculate the SAR in mw/cm3
from the electric field strength in the liquid (see AN: Data Storage and Evaluation). The density is
additionally used to caculate the SAR in mW/g. Since the density has no influence at all on the field
distribution in the phantom, it is not necessary to use tissue simulating liquids with matching densities. It

is sufficient to enter the density of the simulated tissue (e.g., 1 to 1.06 g/cm3 for brain) in the DASY 3
software to get the correct SAR values for the simulated tissue (see RG: 2.3 Medium). The permittivity is
not used in the SAR calculation. The thermal capacity is only used for SAR measurements with the
temperature probe (2.6.3 Temperature probe).

It is difficult to produce a liquid with exactly matching parameters because the parameters drift with water
evaporation and change with temperature. If the parameters are sufficiently close to the target parameters,
it is not necessary to adjust the liquid composition. In addition, the actual parameters differ from the
measured ones due to measurement uncertainties in the liquid measurement setup (see AN: Recipes for
Brain Tissue Simulating Liguids). The following estimation of the SAR sensitivity on liquid parameters
can help to decide what parameters are acceptable for arequested SAR uncertainty.

The liquid parameters influence the SAR distribution in different ways:

e Theliquid conductivity in the software is used to calculate the SAR from the fields values. The
assessed SAR changes linearly with the conductivity setting in the media setup (see RG: 2.3
Medium).

e Theliquid permittivity and conductivity influence the actual coupling of the energy into the
phantom. This effect depends on many factors (e.g., phantom shape, distance of the source,
distance of the measurement location in the liquid). Since the parameters also influence the power
decay in the liquid, the effect is different for surface values, 1g or 10g averaged values. The
DASY 3 system cannot compensate for these effects, but will measure the SAR distribution in the
actually used (eventualy wrong) liquid. AN: SAR Sensitivities gives an estimate of the SAR errors
due to incorrect liquid parameters for some typical setups.

e Theliquid has aloading effect on devices used in the immediate vicinity of the phantom. If the
liquid differs considerably, the feedpoint impedance and the current distribution of the source can
change.

e The probe sensitivity depends on the surrounding media. If the probe is used in liquids with other
parameters than the calibration liquid, the measured E-field values will be slightly incorrect.

The effect of the first two points can be estimated. For small variations in the liquid parameters (<10%),
the effect of the other points can be neglected. It is generally recommended to adjust the liquid parameters
to the target parameters within better than 5%. Otherwise, the liquid uncertainty will produce a significant
contribution to the total SAR uncertainty.
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4.5.3 Connection between device, liquid, and probe parameters

The electric parameters of the simulation liquid are frequency dependent. Unluckily, this frequency
dependency in the homogeneous simulation liquid is different than in the complex cellstructure of the
simulated tissue. Since each solution can simulate the tissue only within alimited frequency range, severa
mixtures are necessary to cover the total MTE frequency range. Within a frequency bandwidth of at least
20%, the same solution can be used with small errors in the SAR. However, the measured parameters at
the actual frequency should be used in the software (see RG: 2.3 Medium).

The DASY 3 software checks the selected solution against the device frequency to prevent incorrect
combinations which could lead to undetected measurement errors. To that purpose, each dataset for the
media includes frequency range settings. If the frequency of the selected device is not within the range of
the selected media, the system will issue an error message. It is highly recommended to use different
media datasets for different frequencies, even for the same liquid. If one liquid is used for 835MHz and
900MHz two datasets with the corresponding parameters should be used (e.g., with frequency ranges 800
- 850 MHz and 870 - 920 MHz). The liquid parameters should be remeasured and adjusted in the software
regularly (see RG: 2.3 Medium).

The probe conversion factor (and boundary effect) depends on the frequency and the liquid parameters.
For each dosimetric probe, many different sets of conversion factors and boundary correction data can be
defined (RG: 2.6.1 E-Field Probe). Each set includes range settings for permittivity, conductivity and
frequency. The probe conversion factors can be selected manually or automatically (RG: 2.6.1 E-Field
Probe). In the (recommended) automatic selection mode, the software searches for the first conversion
factor in the list, whose permittivity and conductivity and frequency range covers the selected device
frequency and liquid parameters. If no valid conversion factor can be found, the system will issue an
error message when trying to measure SAR. The same error message appears if the manually selected
conversion factors do not correspond with the device or the media.

Note: The system automatically selects the first valid conversion factor. If you define conversion
factors with areduced frequency and parameter range, make sure that this range is not aready
covered by an other set further up in the list.

The conversion factors are determined during probe calibration. SPEAG probes are by default calibrated
a 900MHz and 1800MHz in brain simulating tissue. The range settings in the probe configuration file are
selected to guarantee the specified probe uncertainties. If you want to perform SAR measurements in
other liquids (e.g., 835MHz muscle tissue), the DASY 3 system will complain. There are several ways to
overcome the problem:

e Increase the range settings in the probe document, leaving the conversion factors as they are. This
will permit the measurement, athough with increased uncertainty. For small changesin the
parameters or frequency the error is small (see box below).

e Add anew conversion factor set for the new liquid or frequency. The conversion factor can be
estimated from the existing conversion factors (see box below).

e Order special calibrations for the probe.

The following sensitivities of the conversion factor can be used to estimate the conversion factor for
other frequencies or media. They are assessed from specia calibrations with the ET3DV x probe series.
(They cannot be applied for other probe types!)

Schmid & Partner Engineering AG, August 99



User Manual Page 49 of 66

For example:

An ET3DVx probe with a conversion factor 6.0 for 900MHz brain gives a conversion factor of 5.87 for
835MHz muscle tissue.
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4.5.4 Measurement profiles

The DASY 3 software allows the definition of several measurement profiles to determine how a single
field or SAR value shall be assessed. The possibilities include measurement times, autozero cycles, gain
Settings, requested accuracy, or filters (see RG 2.5 Measurements profiles). The typical recommended
settings for automatic SAR measurements are:

Range: auto

Sampling: notch line frequency
Measurement time: 1s
Autozero time: 1s

Re-zeroing: 20

Stop condition: none

Different settings can be used but generaly only affect the result in special occasions. The following is a
list of situations where other settings are recommended:

The accuracy of very small signals can be increased with larger measurement times. However,
measurement times larger than 5 seconds will not further increase the accuracy. For small signals it
is much more important to have a good grounding system (see AN: System Noiseg).

The noise during autozero cycles is smaller than during measurements. Autozero times above 2s do
not bring any advantages.

For measurement times above 1s, adding a stop condition (e.g., relative accuracy 0.1dB on the
total) can speed up automatic scans with the robot. The system will end the actual measurement
and continue to the next point as soon as the requested accuracy (based on statistical signal to noise
evaluations) is reached.

A measurement time of about 3 seconds is recommended for very accurate single point
measurement, such as the reference and drift measurements in automated scans. This alows device
power drift measurements with 0.01dB resolutions.

The notch filter on the line frequency is recommended (for line frequency setups see RG: 2.2 Data
acquisition). Other filter times are only useful if you encounter a strong noise component in the
system (e.g., 16 2/3 Hz noise can be filtered with a 60 ms notch filter time).

Disabling the filter is only interesting for multimeter: scope (see 3. Multimeter option)
measurements. Without the filter, every measured value (7812 per second) is displayed. This gives
useful information about system noise or source modulation.

After warm-up of the DAE3 (about one minute) the drift is very low and rezeroing after al 20
measurements is sufficient. For normal signal values, rezeroing every 100 measurements would
also be sufficient, but the speed gain is minor.

For very low modulation frequencies, the measurement time (or the notch filter time) should be set
to (amultiple of) the modulation period. Otherwise, the results become inconsistent.

The auto range setting is generally recommended. For measurements of very small signals, the low
range setting is possible. It speeds up the autozero cycle since only the low range is zeroed.
However, even a single overrange (e.g., during a noise spike) will abort the measurement.

The high range setting is preferable for pulsed signals with very low repetition rates. In auto range,
the system would continuously change the range between pulses, which might slow down the
measurements.
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4.5.5 Temperature probe

Probe use and handling

The probe tip and body are made of PMMA material with Silicon seals. The probe can be used in water,
sugar-water solutions, nutrient solutions, etc. The probe should not be used in acohol or organic
solvents.

The probetip is very fragile; handle the probe with utmost care. Do not flex or bend the flexible sensor
tip. Always leave the protection cover on the probe, except when making measurements.

The protective cover can be used as a position reference for accurate probe positioning, e.g., in arobot
positioning system.

o— NTC
:IZI-:; rernovatle cover
B o
i ]
o | .

lin  10+0 2tmn

Procedure:
1. Make surethat the cover is correctly mounted.
2. Move to the surface with the cover in place.
3. Storethe actua position.
4. Move the probe backwards and remove the cover.
5. Go back to the stored position.
6. Move the probe 10.0 mm forward. The probe tip is now just touching the surface. The active

element is Imm from the surface.

Important: Always clean the probe with warm water after use in liquid. When the probe has been used
in sugar solutions, remove the cover and clean it separately. The cover might become stuck if the sugar
crystalizesin its thread.

Calibration parameters

The following parameters must be used in the DASY 3 system software. The parameters can be edited in
the Setup: Probe: Options pull-down menu after selecting the temperature probe. To improve the
accuracy within alimited temperature range, different parameter sets can be specified together with their
temperature limits. The highlighted range in the sensitivity tab is active for measurements (see 2.6.3
Temperature Probe).
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Data evaluation

The data acquisition electronics read the voltages over the NTC (Uy) and the shunt resistances (Ux, Uz).
The temperature is evaluated as follows:

2:17
¥

T[°C]=a'log[ = ]+c with  x =

I-b'z o +0

A A
a, b, ¢ = software parameters

SAR - Measurements

The SAR in lossy media can be assessed by measuring the local temperature rise in the media during
exposure:

SAR[Whkg ]~ c'% with ¢ = heat capacity of the media in Jf(kg  K)

e Make surethat the mediaisin thermal equilibrium before exposure, e.g., that there is no
temperature gradient before exposure.

e The media should have ambient temperature. Otherwise convection processes might invalidate the
measurement.

e Expose only during the measurement periods.

e Keep the exposure time and temperature rise as small as possible in order to prevent errors due to
heat equalizing processes during measurement periods.

e After each exposure restore the media to thermal equilibrium (e.g., through stirring, etc.).

e Check the results for disturbing heat equalizing processes by repeating the measurements with
different power levels and/or different exposure times. Convection processes have a non-linear
behavior.

The optimal exposure time depends on the viscosity of the media. For water-salt solutions or
dibutylglycol-solutions the measurement time should not exceed 5 seconds. For water-sugar solutions the
measurement time can be up to 20 seconds. In jelly-like media even higher exposure times are possible.

The figure shows atypical temperature curve. The
exposure is turned on and off during the acquisition

TH003 ; tem perature dee meareme

e period. The temperature must be constant before
£ exposure for thermal equilibrium. The temperature rise
{,F during exposure should be a straight line. Any deviation
= 7 is due to non-liner heat equalizing processes.
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4.6 Phantoms, devices, grids

4.6.1 Phantom and sections

Robot based measurements in the DASY 3 software are always performed in phantoms. A software
phantom does not necessarily represent a physical object. It is a selection of room coordinates which
define the measurement areas and control the robot movements. The robot coordinates are given for the
probe tip (see 4.6.4 Probe alignment for more information).

Several phantoms (see RG: 2.7 Phantoms) can be defined in the system and can be referenced for
measurement tasks. This allows fast and easy switching between different jobs. Two different phantom
types are available, which use different coordinate systems to define room points:

e Inthe phantom without reference points, al points are given in the 'world coordinate system' of
the robot (see 3.4 Robot coordinate system). This is the simplest and easiest way to make a
measurement setup. It is used for free space measurements without a physical phantom object or
for fast setups that are not kept for later reference.

e The phantom with reference points carries its own coordinate system. This is defined by three
fixed reference points on the phantom. All other phantom points are referenced to this coordinate
system. Before measurements, the robot must be told how the phantom is positioned with respect
to the robot coordinates. This is done by teaching the three reference points in the phantom
installation procedure (RG: 2.7 Phantom). The phantom position is stored in the software;
however, the installation procedure must be repeated after moving the phantom. (In the DASY3
compact version, the Generic Twin Phantom always has the same position to the robot). A
phantom validation procedure allows verification that the phantom has not been moved since its
last use. The phantom with reference points is mostly used for physical phantoms where the setup
can include alarge number of points. Once defined, the phantom can be used in different locations
by just teaching three points. The phantom data can be exported and the phantom can be moved to
different DASY 3 laboratories (e.g., the Generic Twin Phantom or setups for benchmark tests)

Each phantom must have a defined start point. This is a point above the phantom with sufficient distance
to alow safe movements between phantoms. The start point can be used as the park position of the robot,
where phantom manipulations or probe cleaning can be done safely. In the phantom mechanical or
optical surface detection can be separately enabled. (E.g., in atransparent phantom the optical surface
detection can be disabled, allowing only mechanical surface detection).

The measurements are performed in sections (see RG: 2.7.1 Sections). Each phantom in the DASY3

software consists of one or more sections. This allows the definition of different measurement areas

within one single phantom, which is very useful in phantoms with reference points. Each section can
consist of the following points or set of points:

e Each section must have an origin point and an origin direction. The measurement grid and the
device location are both referenced to the section origin (see next section).

e The boundary points define a closed line. The software will prevent any automatic movements
outside this line in the xy-plane of the phantom coordinate system. The boundary points are
usually set inside the physical boundary of the section. Any grid points outside the boundary will
not be measured. This allows easily setup of irregular grid shapes in complex phantoms.

e Theuser can define any arbitrary pointsin the section. These points can be referenced in robot
movement commands. Combining movement commands and grids referenced to the actual probe
position, complex procedures with multiple grids in different locations and with different
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orientations can be defined.

The clearance distance and angle are used to define the movements between grid points. In free space,
both values are normally set to zero, providing straight movements between points. In phantoms with
curved surfaces, straight movements are not possible. See RG: 2.7.1 Sections for more details about the
clearance settings. The liquid level determines the two startpoints of the section above and in the liquid.

The simplest phantom setup can consist of a start point and one origin point in one single section. Thisis
sufficient for a free space scan above a mobile phone, even when measuring several grids.

An example for a complex phantom with reference points and several sections is the Generic Twin
Phantom used in the DASY 3 system.

Schmid & Partner Engineering AG, August 99



User Manual Page 55 of 66

4.6.2 Origin, grid and device orientations

The section (see RG: 2.7 Phantom) defines a measurement area, which can contain several measurement
grids or user points and one closed boundary line that defines the maximum permissible movement range
for the probe. Each section must have an origin point and an origin direction, which are used as reference
for the position and orientation of the measurement grid and the device.

The grid can be shifted and rotated with respect to the origin (see RG: 2.7.2 Grids). The grids can also
use the actual robot position for reference. Together with robot movement commands, the grid can use
any user point as reference. The grid can be larger than the boundary; any point outside the boundary will
not be measured. This allows measurement of the complete area of an arbitrarily shaped boundary.

Note: Grid points outside the boundary still reserve memory; the grid should not be much larger than
the area defined by the boundary.

The device is always in reference to the origin. It can be additionaly shifted and rotated in two angles
(see RG: 6. Scans). The device position is only used for visualization in the 3D graphics. If no device
shift is defined, the device is displayed with the device reference point at the origin point. If a section
shell thickness is defined, the device is shifted by the shell thickness and the surface detection distance
away from the origin. Additionally, each grid point is shifted in the display by the probe sensor offset
distance in the direction of the probe. This assures that the each measurement point in the grid is
displayed at the correct location with respect to the device.

Note: For relatively coarse grids, the graphic gives nicer pictures, if the grid lines are parallel to the
device.

The DASY 3 system gives different possibilities to define the origin points (see also RG: 2.7.1 Sections):

The device can be aligned to the world coordinate system of the robot. This is often the easiest way to
setup afast measurement in free space. Moving the probe manually in world coordinates gives the
reference for the world system. After aligning the device, the probe can be brought to the origin location
and the coordinates can be read (click Get position). The second point for the origin direction can be
found by moving the probe in the corresponding world direction and clicking Get 2nd pos (see 2.7.1
Sections).

1. The Origin can be aligned to the device. Move the probe to the desired origin point and click Get
position. Move the probe to a second point in the desired grid plane and click Get 2nd pos. The
probe will measure in a plane through the two points. The plane can be at any angle to the world
system. The probe is always aligned normal to the grid plane.

2. The measurement plane can be forced horizontal by clicking Align vertical after teaching the
positions. The probe is aligned vertically and the default grid will be on a horizontal plane through
the origin.
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4.6.3 Surface detection

Measurements can be performed in afixed plane or by following an arbitrary surface. In compliance test
applications the highest integrated SAR values are the main concern. These values can be found mostly at
the inner surface of the phantom and cannot be measured directly due to the sensor offset in the probe.
To extrapolate the surface values, the measurement distances to the surface must be known accurately. A
distance error of 0.5 mm could produce SAR errors of 6 % at 1800MHz. Using predefined location for
measurements is not accurate enough. Any shift of the phantom (e.g., slight deformations after filling it
with liquid) would produce high uncertainties. For an automatic and accurate detection of the phantom
surface, the DASY 3 system includes two different surface detecting systems.

Optical surface detection

The optical surface detection uses the proximity sensor built into some probes (see 2.7 Proximity sensor).
The advantage of the optical surface detection is that it measures the surface distance in the center of the
probe tip. This gives the correct distance even for angled surfaces, with an absolute error below + 0.2 mm
for probe angles up to 30° normal to the surface. The repeatability in clear liquids is about £ 0.05 mm.
The optical surface detection is affected by reflections in the liquid; e.g., by small air bubbles or if the
sugar-water distribution becomes inhomogeneous near the surface after long periods. Surface detection
problems can be found easily with the built in surface check procedure (see RG: 6.9 Surface Check).
Stirring the solution generally solves the problem.

The absolute stop distance from the surface depends on the probe and the optical characteristics of the
liquid. It can be measured with the surface check procedure in the flat phantom. The correct stop distance
must be entered in the probe parameters (see RG: 2.6 Probe), since it is used for extrapolation.

Mechanical surface detection

The mechanical surface detection uses the probe collision (see 3.6 Probe collision detection) detector built
into the DAE box. It is extremely accurate if the probe is normal to the surface (+ 0.05 mm). For angled
probes, the distance increases, because the detection is at the edge of the probe tip. It can be used in any
liquid with any kind of probe. If the surface is strongly angled to the probe, the probe slides along the
surface and is deflected sideways. The second switch system in the DAE will detect this situation and the
probe will move backward until the touch condition is cleared. However, there is some remaining
uncertainty in the final probe position.

In the probe parameters, the desired distance to the surface can be entered. The detection is aways at
touch, but the probe will move backward from the surface the indicated distance before starting the
measurement. If both systems are active, we recommended using the same distance in the mechanical
detection as determined for the optical detection. If the optical detection fails, the mechanical detection
takes over and places the probe at the same location.

The specified system uncertainty is for probe angles up to 30° normal to the surface. Both detection
systems have increased uncertainties for higher probe angles. If measurements must be performed near
the edge of the phantom, it is recommended to use non-vertical probe alignments to keep the probe
approximately normal to the phantom surface. See 4.8.2 Satellite phones for an example of such a setup.
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Extrapolation

Extrapolation routines are used to get SAR values between the lowest measurement points and the inner
phantom surface. The extrapolation distance is determined by the surface detection distance and the probe
sensor offset. Several measurements at different distances are necessary for the extrapolation. The routine
uses a4th order polynomial fitting for the extrapolation (see also AN: Spatial Peak SAR Evaluation).

Boundary effect

For measurements in the immediate vicinity of a phantom surface, the field coupling effects between the
probe and the boundary influence the probe characteristics. These boundary effects disappear if the probe
distance to the surface is larger than the probe tip diameter. The DASY 3 system has two ways to cope
with boundary effects.

In the so called wor st case extrapolation, the boundary effect is minimized with different weighting
factors for the lowest measurement points in the extrapolation. The procedure can be used for al probes,
but the result can be a slight overestimation of the extrapolated surface points by 2% to 8%.

The advanced extrapolation can be used for probes which have the boundary effect characterized
during the probe cdlibration. A numerical routine compensates the boundary effect (based on the distance
to the surface) before doing the extrapolation.
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4.6.4 Probe alignment

The positions in the DASY 3 software are referenced to the probe tip. After startup or changing the probe,
the software reads the mechanical probe specifications and calculates the default toal, i.e., the position of
the probe tip with respect to the 6th robot axis. However, due to mechanical tolerances, the actua probe
tip is not exactly in that position. The typical offset at the probe tip is up to 3mm.

When setting up the phantom with the actual probe, the offset in the probe tip is cancelled. However,
after changing the probe or rebooting the system, the probe offset is generdly different and the phantom
appears shifted with respect to the probe tip. For SAR measurements with surface detection and
maximum search this has no influence. The only effect will be a shift between the device and the
measurement in the graphical output.

The mechanical probe offset is compensated completely after aligning the probe in the lightbeam. During
this procedure, the system measures the actual probe offset and length. All further movements are then
adjusted to the actual tip position. This allows a repeatability of better than 0.1mm even after changing
probes. It is highly recommended to use this feature in systems with an installed lightbeam. (See 2.10

Light Beam).
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4.7 Field scans and documents

4.7.1 Document files

Robot-based measurements are always done in document files (see RG: 5. Measurement documents).
These are binary files containing the measurement setup, all involved parameters and the measured raw
data in microvolts. The evaluation of other units is done each time the data are accessed for visudization
on the graphics screen or exported. Some high level evaluations are performed immediately after the
measurements, and their results are written into the document (see below). This system has the following
advantages:

e The visualization and export is completely separate from the measurement. Thereis no need to
decide on units, components, etc. before starting the measurement. All graphical options are
available for all measurements.

e Theinclusion of the setup and the parameters into the document allow backtracing the complete
measurement from the document. This is particularly useful for troubleshooting or confirming the
setup after the measurement.

e If the setup was incorrect (e.g., if the probe in the software setup is not the probe that was actually
used in the measurement) it can be corrected afterwards and the data can be reevaluated with the
correct parameters (requires administrator access, see RG: 5.1 User Interface (File Modify)).

The measurement document contains a setup section and ajob section. The job section (see RG 5.
Measurement documents) contains alist of procedures which compose the actual measurement. These
procedures ('jobs) can be selected from alist containing:

e Field scansin lines, planes or volumes

e Single point measurements (reference, drift or measurements over time)

e 1D or 2D probe rotations for probe calibrations and isotropy measurements
e Robot commands and movements

e Commands to control and read connected devices (power meter, signal generators)

After selecting a job, the parameters can be adjusted. To perform the measurement you select all
requested jobs and click on start. The system will go through al jobs in a batch procedure.

Some frequently used measurements (such as FCC testing) can consist of many different jobs with
complicated setups. In order to reuse the document, it can be saved before it is measured as a template for
future measurements (see 4.8 Predefined files). To perform the measurement you open the predefined
file, save it under a different name, and start the selected jobs.

Predefined files should be made read-only.

To enlarge the scope of the predefined files, the DASY 3 system uses locked and referenced parameter
descriptions (4.7.3) in the document files. This allows use of the same predefined file for measurements
with different probes, media and devices or to exchange of predefined files between different DASY3
systems.
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4.7.2 Locked and referenced parameters

The parameters in the DASY 3 document files can appear either as written (locked) data or as references
to the actual datasets in the system. The system automatically selects the necessary representation. What
follows is a description of the parameters during the three lifecycles of the document file. This
information is crucial to understand some effects or error messages when working with predefined files.

First step: Creating a new document

After creating a new document, the name of the actualy active phantom is written to the file. The
phantom and section data are not written to the file but are referenced through the phantom and section
name. Any changes in the phantom parameters in the DASY system will affect the predefined files. All
other parameters in the setting windows are referenced to the actualy active software components (incl.
time or file number). They can still change later.

When you select a coarse scan from the menu, you are asked to select the section, the grid and the
measurement profile. The actual active settings appear as default values, but you can change them within
the actual phantom. Their names will be stored as references to the corresponding system component. If
you change the settings (e.g., the grid size) here, the change will affect the complete system.

All other scans (z-axis, cube scans, probe rotations, etc.) do not use a previously defined grid. For these
scans the parameters are directly written to the document file with the exception of the measurement
location, which is aways referenced.

Plane and volume scans allow entering the device position (for later visualization of the device). This
position is directly written to the file and cannot be changed later during measurement.

Second step: Opening a predefined document

After opening an unmeasured document, the references are set to the actualy active probe, DAE, media
and device. The phantom and grid references do not change their name. If the phantom or grid cannot be
found any more (e.g., somebody changed the names) the measurement cannot not be started. The system
will use the actual setup of the phantom.

Third step: Starting a measurement

When ajob with a field measurement is started, al the actualy active parameters (except the phantom)
are written to the file and locked. This insures that the evaluation is done later with the parameters of the
components used in the measurement. If only part of the scans are performed, the system must be
brought to the same state to continue the measurements. Each document can only contain one probe,
media or device. The measured data in microvolts and the coordinates for each point are written to the
file.

The reference system makes it very easy to work with predefined files. All components that influence the
field measurement (probe, electronics, media, device) are selected at the moment of the measurement and
need not be specified before. The phantom is fully referenced, but its location and orientation is taken
from its actual setup during measurement. This allows reuse of predefined files and even to exchange
predefined files between laboratories.

For work with predefined files please consider the following points:

e Be careful when you change the names of phantoms, sections or grids. The predefined files won't
recognize the new names.
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e Sdlect the actually used components in the DASY 3 setup before starting the measurement.

e Once you have started a measurement and inadvertly saved it, the file is not much use anymore for
further measurements. Therefore make your predefined files read-only and store them under a
different file name befor you start to measure.

e When you continue a partially measured file, the setup (probe, electronics, media and device) must
be the same as before. The phantom position can be different.

e If the parameters were incorrect during measurement, they can be changed after marking the file
for modifications (see RG: 5.1 User Interface (File Modify)). The file modify marker must be
removed before you can continue the measurements in the same file. After modifying the
parameters, the high level evaluations must be repeated (see RG: 5.2 Evaluation).

e Each document can only contain one device, but the device can have different positions. It is also
possible to measure different sections of the same phantom in one document.

e Scans can beinterrupted and continued later. Errors in the system (e.g., low battery in the DAE)
will aso interrupt ongoing scans. Partially measured scans can be visualized if sufficient data are
available.
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4.7.3 High level evaluations

The DASY 3 system allows evaluations which combine measured data and robot positions, such as:
e maximum search
e extrapolations
e boundary corrections
e peak search for 1g and 10g cube averaged SAR

The maximum search is automatically performed after each coarse scan measurement. It is based on
splines in two or three dimensions. The procedure can find the maximum for most SAR distributions
even with relatively large grid spacings. After the coarse scan measurement, the probe is automatically
moved to a position at the interpolated maximum. The following scan can directly use this position for
reference, e.g., for afiner resolution grid or the cube evaluations.

The extrapolation can be used in z-axis scans with automatic surface detection. The SAR values can be
extrapolated to the inner phantom surface. The extrapolation distance is the sum of the probe sensor
offset, the surface detection distance (see RG: 2.6 Probe) and the grid offset. The extrapolation is based
on fourth order polynomal functions. The extrapolation is only available for SAR values.

The correction of the probe boundary effect in the vicinity of the phantom surface can be done in two
different ways. In the standard (worst case) evaluation, the boundary effect is reduced by different
weights for the lowest measured points in the extrapolation routine. The result is a slight overestimation
of the extrapolated SAR values (2% to 8%) depending on the SAR distribution and gradient. The
advanced evaluation makes a full compensation of the boundary effect before doing the extrapolation.
Thisis only possible for probes with specifications on the boundary effect.

The 1g and 10g peak evaluations are only available for the predefined cube 4x4x7 and cube 5x5x7
scans. The routines are verified and optimized for the grid dimensions used in these cube measurements.
The measured volume of 32x32x35mm contains about 35g of tissue. The first procedure is an
extrapolation (incl. boundary correction) to get the points between the lowest measured plane and the
surface. The next step uses 3D interpolation to get al points within the measured volume in a Imm grid
(35000 points). In the last step, a 1g cube is placed numerically into the volume and its averaged SAR is
calculated. This cube is the moved around until the highest averaged SAR is found. This last procedureis
repeated for a 10g cube. If the highest SAR is found at the edge of the measured volume, the system will
issue awarning: higher SAR values might be found outside of the measured volume. In that case the
cube measurement can be repeated, using the new interpolated maximum as the center.
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4.8 Predefined files and examples

4.8.1 FCC and CENELEC measurements

The following files exist as predefined templates in the directory \ Pr edef i ned:

Filename:

FCC left.da3

FCC right.da3

CEN intended left.da3
CEN intended right.da3
CEN touch left.da3
CEN touch right.da3
CEN 100° left.da3
CEN 100° right.da3
CEN 30 tilted left.da3
CEN 30° tilted right.da3

Usage:

Intended use position, left hand
Intended use position, right hand
Intended use position, left hand
Intended use position, right hand
Touch position, left hand

Touch position, right hand

100° position, left hand

100° position, right hand
30°-tilted position, left hand
30°-tilted position, right hand

Page 63 of 66

Perform the steps in chapter 1.1 Shortcut for casual users to perform a FCC or CENEL EC measurement.
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4.8.2 Satellite phones

The following files exist as predefined templates in the directory \ Pr edef i ned:

Filename: Usage:

Right Top.da3 curved head area straight above the ear, right hand
Left Top.da3 curved head area straight above the ear, left hand
Right Back.da3 upper back head area, right hand

Left Back.da3 upper back head area, left hand

The high antenna position in satellite phones usually gives a SAR distribution with the highest values in
the upper head region. These regions cannot be measured accurately with the vertical probe position used
in the FCC and CENELEC predefined procedures. However, they can be accessed easily with inclined
probe orientations. For that purpose the Generic Twin Phantom includes two special sections: 'Left Upper
Head' and 'Right Upper Head'. The boundaries in these sections are at the rim of the head phantoms. With
vertical probe alignment, the probe will run into the phantom border!

Do not use these sections for normal measurements with vertical probes.

Each section has two user points 'Origin Top' and 'Origin Back' with probe inclination angles of 40° from
the vertical axis. The 'Origin Top' position with the ‘top grid' measures the curved head area straight
above the ear. The 'Origin Back' position with the 'back grid' measures the upper back head area. The
section origin is the ear position, and the device will be displayed at the ear as in the other head sections.
Four predefined files are available with the complete setup for these measurements including surface
check and reference measurements: Right Top.da3, Right Back.da3, Left Top.da3, Left Back.da3.

These files can only be used with DASY3 software versions 3.1c or higher.

The device position is the 'intended use' position with the angles 80° and 65°. When other positions are
measured, the device position in the coarse scan (named 'Upper head' or 'Upper back head') and the cube
scan can be changed (see RG: 6. Scans).

The following recommendations should be considered when using these sections:

e The probe should be aligned in the lightbeam and the phantom must be correctly instaled. An
offset in the phantom or probe position might lead to probe collisions during measurements.

e After installing the new 'Generic Twin Phantom' config file for the first time, please test all
predefined procedures with the dummy probe.

e Usethe grid specifications in the predefined file as they are. If you need alarger access area, you
can define new grids or change the grid specifications. However, it is not certain, that the
measurement will work properly, due to the strong phantom curvature in this area. Use the dummy
probe to check your settings.

e YOu can generate your own sections and procedures with inclined probes. Follow the structure
given in the predefined files for the jobs: (1) move to user point, (2) coarse scan at the actual
position with surface detect, (3) move to surface, (4) cube scan at the actua position with surface
detect. This will measure the cube around the peak value of the coarse scan. Do not use the cube
scan with the setting 'Last evaluated maximum' - the system would try to measure the cube with
vertical probe alignment. Use the dummy probe to check your setup.
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4.9 System validation and checks

4.9.1 Noise level

See AN: System Noise and chapter 4.5 Field measurements for more information.

4.9.2 Validation

The following files exist as predefined templates in the directory \ Pr edef i ned:

Filename: Usage:
Vdidation 900 MHz.da3 for 900 MHz dipole, flat section
Vdidation 1800 MHz.da3 for 1800 MHz dipole, flat section

Perform the steps in chapter 1.1 Shortcut for casual users to perform a FCC or CENEL EC measurement.

For further information see aso AN:Validation and System Check and the calibration sheet of the
validation dipole.
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5. Troubleshooting

E-Stop/Controller problems

e Check that the probe is not colliding with an object (see 3.6 Probe collision detection).

e Check that the 3.1.3 Safety chain is closed.

e Check that no controller errors in the robot window are starting up during boot up. Look for
messages which appear in stars (* xxxx *). If the message "Interlocked" appears, check that the
key switch on the remote control is set to "AUTO" (see RG :3.2 Robot setup).

e Check whether the robot is calibrated or if a position recovery is necessary (message "Auto
Calibration failed" during boot up) (see 3.5 Absolute position recognition and recovery).

e Check whether on the controller front panel LEDS (below the PTS 10-boards) are lighted, and if
yes, note which ones (IT Warning, FO, F1, and F2) and on which axis (1..6) and give this
information to SPEAG or your local Staubli representative.

e Check whether on the controller front panel (on the BTS 10-boards) the LEDS Protection Enabled
islighted green and IT Limit is not lighted.

Spurious stops during measurements

e Check for proper connection of the battery connector to the DAE .
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