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Introduction to MADSEN Capella²
MADSEN Capella² is a portable Otoacoustic Emission (OAE) device. You use the OTOsuite Otoacoustic Emissions module to
operate Capella². Capella² cannot be used without OTOsuite software.
The device is powered by a standard 5V USB (Universal Serial Bus) port.
Capella² is connected to the computer's USB port. This connection transfers the user-defined settings to be used by Capella² and returns the acquired data. The DSP board inside Capella² contains a digital signal processor (DSP) for real-time processing. An OAE Amplifier is included for the use of the OTOsuite software.

1.1

Intended Use
The intended use of MADSEN Capella² and the OTOsuite Otoacoustic Emissions module is for the screening and diagnosis
of patients using otoacoustic emission techniques. Capella², used together with the Otoacoustic Emissions module, is intended for use as an aid in diagnosing hearing related disorders, and as a tool in the evaluation of conditions which affect
otoacoustic emission responses to auditory stimuli.
Capella² can be used for patients of all ages. It is intended for use by trained personnel in a hospital, nursery, clinic, audiologist’s office or other appropriate setting. The Otoacoustic Emissions research and diagnostic components may be used
by investigators and students to evaluate the usability and effects of measured otoacoustic emissions.
There are no known contraindications for the use of the device.

1.2

Data Acquisition Board
The Data Acquisition Board, inside Capella², is used to acquire otoacoustic emission (OAE) signal recordings for OTOsuite.
The board consists of an OAE amplifier, electrical isolation components/electronics, and a serial 16-bit A/D and D/A.

1.3

The OTOsuite Otoacoustic Emissions module
The OTOsuite Otoacoustic Emissions module is designed to operate with MADSEN Capella² as the test device.
Capella² used with the OTOsuite Otoacoustic Emissions module is a complete Distortion-Product Otoacoustic Emissions
(DPOAE) acquisition and analysis system. DPOAEs are responses generated by the cochlea to a two-tone stimulation presented to the ear. DPOAEs are generated by most normal healthy ears, and can be used to evaluate cochlear function.

1.3.1

NOAH
OTOsuite integrates with:
•

NOAH systems

•

NOAH for ENT

•

NOAH-compatible Office Management systems.

The NOAH System is a HIMSA product for managing clients, launching hearing test applications and fitting software, and
storing audiological test results. OTOsuite stores test results using NOAH.

Note • Whenever reference in this manual is made to NOAH, this reference should also apply to NOAH compatible systems..
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1.4

About this Manual
This is your reference guide to installing, calibrating and using MADSEN Capella² and to using the Otoacoustic Emissions
module. This manual also introduces you to the key features of the device and the software, as well as to working scenarios
for performing tests and viewing and printing test results.

Note • If you are using OTOsuite with NOAH, we recommend that you be familiar with the screens and functions
provided in NOAH.

1.4.1

Installation and Assembly
Unpacking ► 9 and Assembling Capella² ► 9 contain a full description of unpacking instructions, and how to assemble
the device. For instructions on installing OTOsuite, see the OTOsuite Installation Guide, which you can find on the OTOsuite installation medium (disk or memory stick).

1.4.2

Safety
This manual contains information and warnings, which must be followed to ensure the safe performance of the devices and
software covered by this manual. Local government rules and regulations, if applicable, should also be followed at all times.
Safety information is stated where it is relevant, and general safety aspects are described in Safety ► 45.

1.4.3

Training
It is recommended that you read this manual and try out test scenarios before you start operating Capella² so that you are
familiar with both the device and the software program before testing a patient.
After you install OTOsuite, you can find OTOsuite manuals and related documentation on your PC. In the Start menu,
open OTOsuite Manuals, which contains an overview with links to all manuals.

1.5

Typographical conventions
The use of Warning, Caution and Note
To draw your attention to information regarding safe and appropriate use of the device or software, the manual uses precautionary statements as follows:

Warning • Indicates that there is a risk of death or serious injury to the user or patient.

Caution • Indicates that there is a risk of injury to the user or patient or risk of damage to data or the device.

Note • Indicates that you should take special notice.
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1.5.1

Navigation
Menus, icons and functions to select are shown in bold type, as for instance in:
•

Otometrics - MADSEN Capella²

Click the Set options icon on the toolbar or select Tools > Options...
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Unpacking and Installing Capella² and the
Otoacoustic Emissions Module
To install and get started with Capella² and the OTOsuite Otoacoustic Emissions module, follow the sequence below:
1. Install OTOsuite on the PC before you connect to MADSEN Capella² from the PC. For instructions on installing OTOsuite, see the OTOsuite Installation Guide, which you can find on the OTOsuite installation medium (disk or memory
stick).
2. Unpack Capella² (see Unpacking ► 9.)
3. Assemble Capella² (see Assembling Capella² ► 9)
4. Connect the cables of the test equipment. (See Connecting Capella² to the PC and probe ► 10.)

2.1

Unpacking
1. Unpack the device carefully.
When you unpack the device and accessories, it is a good idea to keep the packing material in which they were
delivered. If you need to send the device in for service, the original packing material will protect against damage during transport, etc.
2. Visually inspect the equipment for possible damage.
If damage has occurred, do not put the device into operation. Contact your local distributor for assistance.
3. Check with the packing list to make sure that you have received all necessary parts and accessories. If your package is
incomplete, contact your local distributor.

2.1.1

Storage, Handling and Transportation
MADSEN Capella² must be stored in a secure place when not in use and certain precautions must be followed to ensure a
longer lifespan and prevent damage. Store according to the technical specifications in Storage environment ► 49, and
according to the following instructions:

2.2

•

Store in a secure place; this is sensitive medical equipment and a high force impact may alter calibration and/or damage the equipment.

•

Store all cables in a loose circular manner; kinking and bending the cable may cause loss of power and/or incorrect
recordings.

•

Do not store equipment belonging to more than one system in the same space. The hardware was specifically calibrated for the combination of parts; accidentally swapping parts may result in misdiagnosis.

Assembling Capella²
Caution • Install OTOsuite on the PC before you connect to MADSEN Capella² from the PC.

Capella² is fully assembled on delivery. Once OTOsuite has been installed, you simply have to connect cables.

2.2.1

Front and top views of Capella²
This section outlines the available connections of the Capella² device. Use these diagrams as a reference when connecting
a computer or the ER-10D OAE probe to Capella². Actual connectors on your system may differ slightly from the pictures
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shown; however, they will have the same labels.

Warning • The Capella² unit obtains power from the USB port. Make sure to connect the device while the computer is OFF, and then turn on the computer to install the hardware drivers.

A. USB Cable: Connection to computer
B. OAE Probe: 8-Pin mini DIN connector

2.2.2

C. Power indicator
D. Probe test cavity

Connecting Capella² to the PC and probe
Follow this procedure to connect Capella² to your PC and start the driver installation:
1. Ensure that OTOsuite has been installed on the PC.
For instructions on installing OTOsuite, see the OTOsuite Installation Guide, which you can find on the OTOsuite
installation medium (disk or memory stick).
2. Shut down the PC.
3. Connect the ER-10D OAE probe to Capella². Make sure that you only use probes provided with your system, the system is calibrated for exclusive use with the provided probe.
4. Insert one end of the USB cable in the USB port on Capella² and the other end in a USB port on the computer.
5. Power on the PC.
The computer will detect the Capella² device automatically and install the driver.

Note • If you do not have an open USB port on your computer, you can use a powered USB hub. The hub must be
powered because the MADSEN Capella² draws the full 500 mA supply current from the USB. A non-powered hub
is only guaranteed to be able to deliver 100 mA.

2.2.3

Switching off Capella²
To switch off Capella², disconnect the USB cable from the computer or switch off the computer.

10
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2.3

ER-10D OAE Probe
The ER-10D Probe consists of the probe head with removable tip, 12 inches (30.5 cm) of flexible silicon tubing that connects the replaceable probe tip to the preamp enclosure, and 5 feet (1.52 meters) of flexible cable that extends from the
preamp enclosure to the mini DIN connector.

A. Preamp box

B.
C.

Probe cable connector
Probe tip

Connect Only To:
•

Capella² 10D OAE connector.

•

Ear of patient on Insertion side (appropriate eartip must be connected to probe).

Warning • Do not connect this component to any other device.

Warning • Never connect the probe to a patient without an eartip.

2.3.1

Probe tip replacement
If the probe tip is plugged or not functioning, you can change it.

To remove the probe tip:
•

Using a small pointed object, such as a pen or small screwdriver, push in the notches on the left and right sides of the
rear of the probe microphone casing until each tab is released.

•

Slide the probe tip off the front of the probe and discard.

To replace the probe tip:

Caution • If the probe tip is not inserted completely and properly, the ER-10D probe will not function correctly.

Otometrics - MADSEN Capella²
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1. Align a replacement tip with the front of the probe. The tip will only fit in one direction.
2. If the probe tip does not fit securely on the probe, remove the probe tip and reorient it.
3. Press lightly on the tabs to snap them into place. The tabs should be flush with the probe body.
The probe is used, with a disposable foam eartip or with a disposable plastic eartip specially designed for the probe, to
deliver the stimulus signals and to allow for proper recording of the OAEs produced by the ear. The disposable eartips help
the probe fit the ear canal to provide isolation from outside noise sources in order to obtain clear OAEs. The probe should
not be used without an eartip. The size of the eartip used will vary depending on the size of the patient’s ear canal.

2.4

Foam Eartips
Eartips are used to provide a seal on the ear canal, preventing noise from affecting the stimulus, and creating a chamber for
the stimulus to maintain a proper level.

Foam Eartips: OAE 14 mm

Caution • Do not reuse.

Intact Skin Only
Eartips are to be used topically over intact skin only. Do not apply over infected skin.

Risk of Sensitivity
All Foam Eartips sold by Otometrics are made of hypo-allergenic foam. These products do not contain latex.

Directions
1. Attach the foam eartip to the OAE probe prior to placing it on the patient.
2. Roll the foam tip between your fingers to decrease its volume.
3. Insert into ear canal and hold in place to let the foam expand. Pulling slightly down and back on the ear lobe can sometimes help align the ear canal for easier insertion.
4. Discard after use.

2.5

Plastic Eartips
Eartips are used to provide a seal in the ear canal, preventing noise from affecting the stimulus, and creating a chamber for
the stimulus to maintain a proper level.
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Various Eartips: 04 mm, 07 mm and 09 mm shown; for use with OAE Probe.

Pediatric Treetips (yellow) ; for use with OAE Probe

Caution • Do not reuse.

Intact Skin Only
Eartips are to be used topically over intact skin only. Do not apply over infected skin.

Risk of Sensitivity
All Plastic Eartips sold by Otometrics are made of hypo-allergenic silicon or similar polymers. These products do not contain latex.

Directions
1. Attach the plastic eartip to the OAE probe prior to placing it on the patient.
2. Insert into ear canal. Pulling slightly down and back on the ear lobe can sometimes help align the ear canal for easier
insertion.
3. Discard after use.

Caution • Using the wrong size tip can lead to improper seal, resulting in noise issues or decreased stimulus
sound levels while testing.

Otometrics - MADSEN Capella²
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Preparing for testing
The quality of any OAE test depends on many factors. Specifically, patient state, probe placement, and ambient noise have
a strong influence on test results.

Ambient and Patient Noise
For best results, ambient noise should be minimized. In noisy environments, estimates of response amplitudes may be
lower. A sound booth is optimal for testing but a quiet room (background noise level below 40 dB SPL) is usually suitable.
To further minimize noise interference, cooperative patients should be instructed not to move and try not to swallow during testing. The patient should be placed in positions that minimize breathing noises.

Client State
In general, it is best to test clients when they are sitting or lying down quietly. It is recommended that infants be tested
midway between feedings when they are least likely to be sucking or engaging in other artifact-producing activity.

Equipment Preparation
It is important that hygienic precautions are taken to protect the client from cross-infection. Be sure to follow any established infection control procedures for the setting in which you are working.
Always use a new and clean eartip.
Check for any damage that may have occurred to the equipment since its last use.
Turn on the equipment and run the OTOsuite software.

Warning • Turn on the equipment before inserting the probe in the patient’s ear canal.

Warning • If any cables appear torn or the probe is damaged, do not test any patients. Have the equipment
checked by the equipment manufacturer or by service personnel at an authorized workshop.

Ear Inspection
An otoscopic inspection of the external ear canal and tympanic membrane before probe fitting is recommended to
determine whether a proper probe seal is possible. Debris and fluid inside the ear canal may prevent OAEs from being
detected.
Cleaning the ear canal should ONLY be conducted by a certified audiologist or physician trained in this procedure. NEVER
insert anything inside the ear canal in an effort to clean the ear canal. Severe injury may result to the patient if someone
who has not been trained in this procedure attempts to clean the ear canal.

Warning • Do not clean the ear canal unless you are a certified audiologist or physician trained in this procedure.
Severe injury and hearing loss may result to the client if the procedure is not done properly.

3.1

Using an ER-10D probe
A quality probe fit will optimize stimulus presentation and reduce ambient noise in the ear canal.
1. Place the eartip fully on the probe tip. Never connect the probe to a patient without an eartip.

Otometrics - MADSEN Capella²
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2. Use the clip on the preamp box to attach the preamp box to clothing or bedding.
The position of the probe must remain stable throughout the recording to ensure proper testing. If the probe moves,
the movement will generate noise and may cause the ear canal seal to open. Make sure the cable is not pulling or
pushing on the probe when securing it.
3. Insert the probe firmly but gently into the ear canal. Lift gently the outer ear during insertion to straighten the ear
canal to ensure proper placement.

Notes:
•

Only individuals trained in these procedures should conduct the insertion of the eartip.

•

It is important that hygienic precautions are taken to protect the client from cross-infection. Be sure to follow any
established infection control procedures for the setting in which you are working.

•

Do not clean the ear canal unless you are a certified audiologist or physician trained in this procedure. Severe injury
and hearing loss may result to the client if the procedure is not done properly.

•

Only appropriate eartips manufactured for the ER-10D probe should be used.

•

The tip should fit snugly in the ear canal to form a seal.

•

The tip should not be loose or penetrate too deeply into the ear canal.

Fig. 1

ER-10D OAE Probe with foam ear tip

Warning • Eartips are not reusable.
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Measuring Otoacoustic Emissions with Capella²
Otoacoustic emissions are small in amplitude; to record them, Capella² uses a very sensitive microphone inside the probe.
Due to the sensitivity of the recording microphone, ambient noise and noise generated by the patient such as talking,
coughing and crying can hamper the detection of OAEs. A suitable testing environment and a proper probe fit are necessary for successful OAE measurements. Debris inside the ear canal may also hamper the recording of OAEs. Recording of
OAEs are also affected by the physical state of the tympanic membrane and middle ear. An abnormal state of either of
these elements (e.g., infection of the middle ear) can adversely affect the recording of OAEs.

4.1

Measuring Distortion Product OAEs
DPOAEs are responses generated by the cochlea to a two-tone stimulation presented to the ear. DPOAEs are generated by
most normal healthy ears, and can be used to evaluate cochlear function. Each of the two applied stimulus pure tones is
characterized by its frequency and sound intensity or level. The distortion products produced by the cochlea are a biproduct of the two stimulation frequencies, denoted F1 and F2 and their two corresponding intensities or sound levels (L1
and L2). The largest distortion product occurs at a frequency that is two times F1 minus F2; ((2*F1) - F2).
During acquisition, Capella² can test single or multiple DPOAE frequency pairs according to user specifications. The relationship between the two stimulation frequencies, the F2/F1 ratio, can be specified by selecting one frequency and the
ratio and then allowing the system to calculate the second frequency value or by entering values for both F1 and F2 directly. The sound level of stimulation signals, L1 and L2, are also user selectable for each test conducted. After testing, the
user can review and print out results of the recorded DPOAEs.
The DP I/O screen is used to record a patient’s response to a specific frequency at different intensity levels.

4.1.1

The DP Otoacoustic Emissions Screens
Both the DP-gram screen and the DP I/O screen contain the same basic elements:

DP-gram

A. Control panel
B. Result graph: DP-gram or DP I/O graph
C. Spectrum graph

Otometrics - MADSEN Capella²

D. Probe Fit - Time graph
E. Probe Fit - Frequency graph
F. Legend box/Overlays box/Data table
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DP I/O

A. Control panel
B. Result graph: DP-gram or DP I/O graph
C. Spectrum graph

4.1.1.1

D. Probe Fit - Time graph
E. Probe Fit - Frequency graph
F. Legend box/Overlays box/Data table

The Otoacoustic Emissions Control Panel
A.
B.
C.
D.
E.
F.
G.

Ear Selection button
Sequence button
Measurement buttons
Pause/Continue button
Information panel
Artifact Reject Level slider (TEOAE/SOAE only)
Probe Fit button

Ear Selection button
Use the Ear Selection button to indicate which ear you are going to test.

18
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Sequence button
If you want to make two or more measurements immediately after each other, you can select the check boxes next to the
relevant measurement buttons. Then, when you click the Sequence button, the selected tests will be performed sequentially.

Measurement button
You can specify different measurement parameters and acceptance criteria for each measurement button. For information
about configuring the measurement buttons, see Configuring measurement buttons in DP-gram ► 23 or Configuring
measurement buttons in DP I/O ► 24.
To start a measurement, click the measurement button.
After you click a measurement button, it changes to a Stop button and can be used to abort the measurement. During the
measurement, the button acts as a progress bar, filling with green as the test progresses.

Pause/Continue button
When a measurement is in progress, the Pause button is active, and you can click the button to pause the test. After you
click the Pause button, it becomes a Play button, and you can click it again to continue the test.

Information panel
If you hover the mouse over a measurement button in the control panel, information about the test configuration settings
for the button are displayed in the information panel. The information is also displayed while a measurement is in progress.

Artifact Reject Level (TEOAE and SOAE only)
During acquisition, unwanted spikes or artifacts caused by various sources of sound can be eliminated or severely reduced
by proper adjustment of the artifact rejection level.

Probe Fit button
The probe fit test is always performed immediately before and after a test. You can also manually start a probe test by clicking the Probe Fit button. (For more information, see Probe Fit ► 35.)

4.1.1.2

The results graph in DP-gram and DP I/O
The DP-gram test records the distortion products for fixed levels at different frequencies. The DP I/O test records the distortion products for fixed frequencies at different levels.
The results graph (DP-gram or DP I/O graph) displays the measured distortion product for each of the tested points.
More than one measurement may be displayed in the results graph, depending on your selection in the Legend box.
Other information such as the noise floor and standard deviation may be displayed, depending on the overlays that you
select.
During a measurement, the progress of the test can be seen in the results graph. The graph is generated as it is acquired,
showing the current DP level for the tested intensities. The program cycles through all the test points until the selected
total number of sweeps has been completed. As each block is acquired, the results are refined. Each point in the graph displays the average of the sweeps completed so far.
The distortion product response that is displayed in the results graph depends on the option that has been selected in the
Displayed DP field (Options > Otoacoustic Emissions, View, Misc). The default is to display DP1 ((2*F1) - F2) for each frequency measurement, but it is also possible to select DP2 ((2*F2) - F1).

Otometrics - MADSEN Capella²
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As a default, the noise floor is displayed, and for a DP-gram measurement, L1 and L2 are also displayed by default, but you
can select whether they are shown or hidden in the Overlays box (See Overlays - DP-gram and DP I/O ► 21) .

Remeasuring a point
After a DP-gram or DP I/O test has been completed, you can remeasure a point in the curve. Right-click on the point you
want to remeasure and then click Remeasure point.

4.1.1.3

The Spectrum graph
The Spectrum graph displays the results for the currently selected point on the DP-gram.
A. Signal-to-Noise

ratio of the
selected DP

L1 and L2 are the measured levels of the pure tone primaries that were presented. The measured level may differ from
the selected level if the probe was occluded or if the system was not properly calibrated or due to standing waves.
DP1 ((2*F1) - F2) and DP2 ((2*F2) - F1) are the resulting distortion products.

4.1.1.4

The Legend box
You use the Legend box to select which measurements are displayed in the DP-gram. Each line in the Legend represents a
measurement button and the corresponding curve that has been recorded.

20

A. Curve displayed in graph

D. DP-gram Measurement Details button

B. Curve not displayed in graph

E. Overall result

C. No measurement recorded for the button

F.

Comment button
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Overall Result
Pass/Fail: If the test parameters for a measurement button include overall acceptance criteria, the overall result for the
measurement will appear in the Legend box.
Bad Probe Fit: If the probe fit test fails and you keep the measurement, "Bad Probe Fit" will appear instead of an overall
result.

Blank: If there is no acceptance criteria for a measurement button and the probe fit is OK, no overall result will be displayed.

To show or hide a measurement:
•

In the Legend box, click the checkbox for the measurement

To select a measurement as the current measurement:
•

In the Legend box, click the corresponding line (without removing the check mark).

To view details:
•

Click the DP-gram Measurement Details button to view the test parameters that were used when a DP Gram was
made.

To enter or view a comment for a measurement:
•

4.1.1.5

Click the Comment button on the relevant line.

Overlays - DP-gram and DP I/O
The overlays in the results graph are all the same color as the measurement curve to which they correspond.
Normative Data

The normative data that is displayed depends on your selection in Options. See Normative
DPOAE data ► 26.

L1/L2 (DP-gram only)

L1 and L2 are the measured levels of the pure tone primaries that were presented. The measured level may differ from the selected level if the probe was occluded or if the system was
not properly calibrated or due to standing waves.
indicates L1;
indicates L2.

Two standard deviations above noise
floor

You can display an overlay for one or two standard deviations above the noise floor to see
how variable the noise floor is. This can be used as a kind of quality indicator of the measurement conditions for a given response curve. Large standard deviations may indicate poor
or noisy measurement conditions. Small standard deviations suggest quiet conditions, which
are likely to give more reliable results.

One standard deviation above noise floor
Noise Floor

The noise floor is obtained by averaging 10 bins (spectral points) around the DP frequency.

Internal Noise

The initial average noise level measured with no stimulation.

While the probe fit graphs are the primary means of monitoring noise conditions and probe fit, the internal noise level and
standard deviation overlays are available as additional aids.

4.1.1.6

Data table - DP-gram and DP I/O
The Data table presents the data for the currently selected point on the Results graph.
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To view data for a point in the graph:
•

Click on the point in the DP-gram or DP I/O graph. The cross hairs in the DP-gram indicate the current point. Data for
the current point is displayed in the Spectrum graph and in the Data table.

The DP Data table

Contents of the Data table
F2 (Hz)
(or F1 (Hz))

The frequency at which the distortion product is plotted in the graph

GM (Hz)

The Geometric Mean of the first and second stimulation frequencies (√(F1*F2))

L1/L2 (dB)

Measured level (dB SPL) of the first and second stimulation frequencies presented.

DP1 (dB)
(or DP2 (dB))

The measured level of the distortion product plotted in the graph
Depending on the selection in the Displayed DP field in Options, either DP1 ((2*F1) - F2) or DP2
((2*F2) - F1) will be displayed in the Data table. The default is DP1, which is typically the most
robust Distortion Product.

NF (dB)

Noise floor

SNR (dB)

Signal to noise ratio (DP-NF) in dB

Accepted

Number of sweeps accepted, based on the Noise Reject Level field in Options (Options >
Otoacoustic Emissions > General, Measurement > Common DP configuration).

Depending on the selection in the DP Plot Position field in Options, either F1 or F2 will be displayed in the Data table. The default is F2 - the frequency of the second stimulation frequency.

The number of Accepted and Rejected sweeps gives an indication of the quality of the measurement conditions.
Rejected

Number of sweeps rejected, based on the Noise Reject Level field in Options .
The number of Accepted and Rejected sweeps gives an indication of the quality of the measurement conditions.

Time
Result

The duration of all measurements at selected point
Pass

or Fail

: Result for the point, according to acceptance criteria per point that has been

set for the measurement. (See Configuring acceptance criteria - DP-gram and DP I/O ► 25.)
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4.1.2

Configuring measurement buttons in DP-gram
OTOsuite enables you to configure the measurement buttons in the DP GRAM control panel for up to six different test protocols.

To configure a measurement button:
1. Click the drop-down arrow on the measurement button that you want to configure.
2. Click Change Title and then enter a title for the button.
3. Click L1 Intensity and then select the level for the first stimulation frequency .
4. Click L2 Intensity and then select the level for the second stimulation frequency.
5. Click Sweep Direction and select an option to determine whether the measurement will start with high frequency
tones and move toward the low frequencies, or start with low frequencies and move up to the high frequencies.
6. Click Frequency Selection and then select either simple or advanced frequency selection:

Simple Frequency Selection
–

Frequency Minimum (F2) : Enter the lowest frequency that you want to present as the second stimulation frequency. (The lowest you can choose is 500 Hz.)

–

Frequency Maximum (F2) : Enter the highest frequency that you want to present as the second stimulation frequency. (The highest that you can choose is 10,000 Hz.)

–

Points per Octave: Select the number of frequencies that will be tested per each octave between the start and
end frequencies.

Advanced Frequency Selection
If you want to enter the precise frequencies that will be measured, you can select Advanced Frequency Selection to
use the PrecisePoints feature. For more information, see Setting up PrecisePoints ► 23.

Note • F2 minimum and maximum values must be between 500 and 10,000 Hz. If you enter a value that is out of
range, an error symbol will be displayed:
(Simple Frequency Selection) or * (PrecisePoints Setup). If you close
the dialog box while the error symbol is displayed, your changes will not be saved.

7. See Configuring acceptance criteria - DP-gram and DP I/O ► 25 for information about configuring acceptance criteria.

4.1.2.1

Setting up PrecisePoints
The PrecisePoints feature allows you to manually control the precise frequencies that will be measured.

To setup PrecisePoints:
1. On the drop-down menu for the measurement button that you are configuring, click Frequency Selection.
2. Select the radio button for Advanced Frequency Selection.
3. Click the PrecisePoints button. The PrecisePoints dialog is displayed:
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4. In the PrecisePoints dialog, you can enter up to 48 frequencies.
–

You can enter frequencies manually in the table.

–

Alternatively, in the Quick Setup section of the window, you can enter a frequency range and the number of
points per octave and then click the Fill in table button. You can also manually adjust the values in the table after
using the Fill in table function.

Note • F2 minimum and maximum values must be between 500 and 10,000 Hz. If you enter a value that is out of
range, an error symbol will be displayed:
(Simple Frequency Selection) or * (PrecisePoints Setup). If you close
the dialog box while the error symbol is displayed, your changes will not be saved.

4.1.3

Configuring measurement buttons in DP I/O
OTOsuite enables you to configure the measurement buttons in the DP I/O control panel for up to six different test protocols. You can also copy the settings from one measurement button to another.

To configure a measurement button:
1. Click the drop-down arrow on the measurement button that you want to configure.
2. Click Change Title and then enter a title for the button.
3. Click F2 and then select the frequency for the first stimulation frequency.
4. Click Sweep Direction and select an option to determine whether the measurement will start with high level tones
and decrease in level, or start with low levels and increase in level.
5. Click Level Selection and then fill in the fields as follows:
–

Minimum (L1) : Enter the lowest level at which you want to test the first stimulation frequency.

–

Step Size: Enter the interval that you want between test levels.

–

Maximum (L1) : Enter the highest level at which you want to test the first stimulation frequency.

–

Relative to L1: Enter the difference between the test level of the first stimulation frequency and the test level of
the second stimulation frequency.
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Note • All test levels must be between 15 and 75 dB. If, for example, you enter 20 in the Minimum (L1) field and
you enter -10 in the Relative to L1 field, a message will appear at the bottom of the dialog box stating that a
level is out of range , because the settings would cause L2 to play at 10 dB, which is out of range.
Also, OTOsuite allows you to measure a maximum of 20 levels. If you enter a step size that will result in a larger
number of levels, a message will be displayed in the dialog box.
If you close the dialog box while the error symbol is displayed, your changes will not be saved.

6. See Configuring acceptance criteria - DP-gram and DP I/O ► 25 for information about configuring acceptance criteria.

To copy the settings from one measurement button to another:
1. Click the drop-down arrow on the measurement button with the settings that you want to reuse.
2. Click Copy settings to and then select the button to which you want to copy the settings.

4.1.4

Configuring acceptance criteria - DP-gram and DP I/O
To set up the program to test patients, you can set criteria to determine whether a point or overall measurement
"passes." To allow for differences between testing patient populations, you set these values for your population of
patients. In addition, you may construct multiple sets of criteria to use with specific groups of patients and save them for
future use. You can set the acceptance criteria when you configure the measurement buttons in the control panel - either
by clicking the drop-down arrow on a button, or in the Options window.
You have the possibility to set criteria for each specific frequency pair presented and overall passing criteria. Several
choices are available which can be combined to make the criteria as specific as necessary.

Per Point (DP-gram and DP I/O)
•

DP Amplitude - Enter the minimum absolute DP amplitude required for a point to pass.

•

SNR - This option allows you to set the passing criteria to a specific signal to noise ratio (SNR) specified as the dB SPL
difference between the (Distortion Product) DP and the noise level mean (Ns). Enter the minimum sound/noise ratio
required for a point to pass.

•

SNR (Units of Std. Deviation) - This option allows you to set the passing criteria to a specific number of standard deviations above the mean of the noise floor (Ns) around the distortion product (DP) frequency. Enter the minimum units
of standard deviation required for a point to pass.

•

Stop when point is accepted - If you enable this setting, the device will stop measuring a given point as soon as all
acceptance criteria for the point are achieved.

If the configured acceptance criteria for a point are achieved, the point is marked as passed. All enabled criteria have to be
fulfilled for the point to pass.

Overall (DP-gram)
•

Percentage passed at all frequencies - Enter the percentage of points that must pass in order for the overall result to
pass.

•

Percentage passed in each octave - Enter the percentage of points within each octave that must pass in order for the
overall result to pass.

•

Stop when passed - If you select Yes, then the measurement will be stopped as soon as the criteria have been met
for an overall pass.
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•

Stop when no chance to pass - If you select Yes, then the measurement will be stopped as soon as too many points
have failed for the criteria to be met for an overall pass.

If all of the configured Overall Acceptance Criteria are reached, the overall result of the DP-gram is "Pass." This result is
shown in the curve legend.

4.1.5

Normative DPOAE data
Normative data is a constructed set of data that consists of average responses, or norms, for a particular set or subset of the
general population of subjects. This data can be used to compare the patient’s response to that of a group of individuals.
To select a set of normative data, click Options > Otoacoustic Emissions > DP-gram and then select an option in the
Normative data selection field.
To display the normative data in the DP-gram, in the Overlays box, select Normative Data .
Customized normative data overlays can be obtained by contacting GN Otometrics (for contact information, see Distributor
► 46).

Note • In order for the Normative Data overlay to be displayed, all curves displayed in the graph must be generated with the same L1 and L2 settings as were used to collect the applied normative data .

4.1.5.1

Normative data values
The following tables describe the values that are used to create the default normative data overlays for DPOAE.

University of Copenhagen adult
F1

26

F2

500 Hz

750 Hz

1000 Hz

1500 Hz

2000 Hz

3000 Hz

4000 Hz

6000 Hz

8000 Hz

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

75

75

10

0

16

3

21

5

19

6

19

2

14

4

17

9

18

5

17

5

70

70

9

-2

14

2

17

3

16

3

14

1

12

0

15

4

17

1

17

1

65

65

7

-5

11

0

14

1

14

0

11

-2

8

-5

12

-1

14

-2

16

-6

60

60

3

-9

10

-1

12

-2

11

-1

8

-6

4

-9

7

-6

9

-7

10

-8

55

55

1

-13

8

-7

10

-6

7

-7

6

-12

1

-16

3

-14

6

-12

4

-10

50

50

-3

-15

6

-10

8

-12

3

-10

4

-15

-3

-19

-2

-14

0

-13

-1

-14

45

45

-7

-16

4

-18

6

-14

1

-16

2

-20

-7

-22

-6

-18

-4

-20

-7

-19

40

40

-9

-23

2

-16

3

-12

-2

-18

-1

-20

-11

-26

-9

-22

-9

-22

-12

-24

70

60

5

-3

15

4

18

6

18

3

14

-4

9

-3

13

2

15

-1

14

-7

65

55

5

-2

13

2

17

4

15

0

10

-6

6

-7

9

-3

11

-7

9

-10
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F1

F2

500 Hz

750 Hz

1000 Hz

1500 Hz

2000 Hz

3000 Hz

4000 Hz

6000 Hz

8000 Hz

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

60

50

5

-4

11

0

14

2

10

-4

7

-10

3

-13

4

-8

6

-11

5

-13

55

45

2

-9

8

-5

10

-3

5

-9

4

-15

0

-15

0

-14

3

-13

2

-12

50

40

0

-9

4

-5

6

-6

0

-9

2

-15

-5

-19

-3

-17

0

-17

-1

-16

Reference: Gerald R. Popelka, Poul A. Osterhammel, Lars H. Nielsen, Arne N. Rasmussen; Growth of distortion product
otoacoustic emissions with primary-tone level in humans; Hearing Research, Volume 71, Issues 1–2, December 1993,
Pages 12-22.

University of Copenhagen baby 70/70
F1

F2

70

500 Hz

750 Hz

1000 Hz

1500 Hz

2000 Hz

3000 Hz

4000 Hz

6000 Hz

8000 Hz

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

70

20

9

20

9

17

5

17

3

16

1

19

2

Reference: Arne Nørby Rasmussen, Britt Borgkvist, Poul Aabo Osterhammel; Distortion Product Otoacoustic Emissions:
Normative Data in New-Born Infants. Audiological Laboratory #2072, ENT Department F, University Hospital, Copenhagen, Denmark

Vanderbilt 65/55
F1

F2

65

55

500 Hz

750 Hz

1000 Hz

1500 Hz

2000 Hz

3000 Hz

4000 Hz

6000 Hz

8000 Hz

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

11

-6

16

-3

18

-3

15

-2

11

-4

9

-3

10

-4

4

-10

Reference: James Wilbur Hall, H. Gustav Mueller; "Audiologists' Desk Reference Volume I: Diagnostic Audiology Principles"

Vanderbilt 65/65
F1

F2

65

65

500 Hz

750 Hz

1000 Hz

1500 Hz

2000 Hz

3000 Hz

4000 Hz

6000 Hz

8000 Hz

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

6

3

12

6

12

8

8

2

Reference: James Wilbur Hall, H. Gustav Mueller; "Audiologists' Desk Reference Volume I: Diagnostic Audiology Principles"

University of Miami 65/55
F1

F2

65

55
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500 Hz

750 Hz

1000 Hz

1500 Hz

2000 Hz

3000 Hz

4000 Hz

6000 Hz

8000 Hz

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

14

2

17

6

18

7

15

4

15

4

18

6
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Gorga 65/55
F1

F2

65

55

500 Hz

750 Hz

1000 Hz

1500 Hz

2000 Hz

3000 Hz

4000 Hz

6000 Hz

8000 Hz

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

Max/Min

6

-13

8

-12

4

-10

-1

-14

-2

-16

0

-9

-2

-11

-10

-26

Reference: Michael P. Gorga, Stephen T. Neely, Brenda Ohlrich, Brenda Hoover, Joelle Redner, Jo Peters; From Laboratory

to Clinic: A Large Scale Study of Distortion Product Otoacoustic Emissions in Ears with Normal Hearing and Ears with
Hearing Loss; Ear &Hearing, Vol. 18, No. 6, December 1997.

4.1.6

Viewing historical DP data
Capella² enables you to view data that is stored from an earlier session. To view historical data, click the Historical Data
icon in the toolbar. The Historical Data selection window opens and then you can select one or more curves from earlier
sessions. The selected historical curves are displayed in the Result graph, as well as the Spectrum graph and the Probe Fit
graphs, for easy comparison to the current curve in the current session.

A. Historical Data selection window
B. Historical curve
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C. New curve
D. Historical Data box
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The Historical Data box displays details for the selected point in a historical measurement. If there are multiple historical
curves displayed, data is displayed for the curve which is highlighted and marked with X's.

Note • We recommend that you begin by viewing one historical measurement and one new measurement at a
time.

Note • It is only possible to see data in both Data tables at the same time if the measurement settings for the
two compared curves are identical.

4.2

Measuring Transient OAEs and Spontaneous OAEs
TEOAE
TEOAEs (Transient Evoked Otoacoustic Emissions) are responses generated by the cochlea to brief acoustic signals such as
clicks or tone bursts. It has been suggested that they may be particularly well-suited to detection of cochlear disorders,
especially in screening applications.
In OTOsuite, you can configure the TEOAE stimulus to use either a click or tone burst. For tone bursts, you can configure
the frequency and duration of the stimulus.

SOAE
SOAEs (Spontaneous Otoacoustic Emissions) are emissions that occur spontaneously, without stimulation. They can be
measured in the ear canal as low-level narrow band signals. They occur in only about one half of normal-hearing ears, and
at only a few frequencies for ears in which they do occur. Consequently, they are thought to have limited clinical utility
although they may have research implications.
Capella² performs Synchronized Spontaneous OAE testing. For the test to be synchronous, some stimulation is required to
provide a time marker. This time marker also serves the purpose of providing phase coherence for the spontaneous emission, allowing the system to average and improve the signal to noise ratio. The period of stimulation and the period of
acquisition do not coincide. It is recommended that the synchronization stimulus be lower than 60dB SPL to prevent the
stimulus from affecting the spontaneous emissions. Clinical studies have shown that Synchronized SOAE yields the same result as purely spontaneous acquisition.

4.2.1

The TEOAE and SOAE screens
Both the TEOAE screen and the SOAE screen contain the same basic elements:

Otometrics - MADSEN Capella²
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A. Control panel
B. Spectral Response graph
C. Temporal Response graph

D. Probe Fit- Time graph
E. Probe Fit - Frequency graph
F. Legend box/Overlays box/Data table

For a description of the control panel, see The Otoacoustic Emissions Control Panel ► 18.

4.2.1.1

The Spectral Response graph
The TEOAE and SOAE tests gather data for the full frequency spectrum concurrently. The Spectral Response graph displays the otoacoustic emissions as a function of frequency.
In TEOAE, the data can be displayed as either a curve graph or a bar graph. Each bar in the bar graph displays the average
for the band around the specific frequency noted below the bar.

TEOAE Spectral Response - Curve graph and Bar graph
In SOAE, the data is displayed as a curve. The SOAE criteria are used to determine which peaks are automatically marked
as SOAEs.
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SOAE Spectral Response
In both TEOAE and SOAE, the noise floor is displayed in the graph as a shaded area. The spectral response and corresponding noise floor for more than one measurement may be displayed in the graph, depending on your selection in the
Legend box.

4.2.1.2

The Temporal Response graph
The Temporal Response graph displays the level of the OAEs over time.
TEOAE uses two memory locations - buffer A and buffer B. Sweeps are stored and averaged alternately in buffer A and B.
In the Temporal Response graph, you can choose between two different views to display the data from the two buffers.
Both views display two curves:
•

Signal and Noise view displays one curve for the signal level and one curve for the noise level. The signal is calculated as (A+B)/2 and noise is calculated as (A-B)/2.

•

4.2.1.3

A and B buffers view displays one curve for the A buffer and one for the B buffer.

The Legend box
For a description of the OAE Legend box, see The Legend box ► 20.

4.2.1.4

Overlays - TEOAE and SOAE
In the Overlays box, you can determine whether the spectral response curve is shaded.

4.2.1.5

Data table - TEOAE
The Data table presents the data for the selected measurement curve, for the bands around the frequencies 1000, 1500,
2000, 3000 and 4000 Hz.
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The TEOAE Data table

Contents of the Data table
The Data table contains the following information for each frequency band, and overall.

Correlation (%)

The correlation between the A and B buffers. A high correlation indicates a strong response.

Emission (dB)

The level of emissions measured in the corresponding frequency band.

SNR (dB)

The signal to noise ratio measured in the corresponding frequency band.

Accepted

Number of sweeps accepted, based on the Artifact Reject Level field in Options (Options > Otoacoustic Emissions > General, Measurement > Common TEOAE and SOAE Configuration).

Rejected

The number of Accepted and Rejected sweeps gives an indication of the quality of the measurement
conditions.
Number of sweeps rejected, based on the Artifact Reject Level field in Options.
The number of Accepted and Rejected sweeps gives an indication of the quality of the measurement
conditions.

Time

4.2.1.6

The duration of the measurement.

Data table - SOAE
The Data table lists all SOAEs that have been identified according to the minimum SNR selected in the SOAE Criteria.

The SOAE Data table

Contents of the Data table
The Data table contains one line for each SOAE, with the following:

32

F (Hz)

The frequency where an SOAE has been identified.

Level (dB)

The level of the SOAE.
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Noise (dB)

The level of noise at the frequency of the SOAE.

SNR (dB)

The signal-to-noise ratio at the frequency of the SOAE.

The following data applies to the entire measurement:

Accepted

Number of sweeps accepted, based on the Artifact Reject Level field in Options (Options > Otoacoustic Emissions > General, Measurement > Common TEOAE and SOAE Configuration).
The number of Accepted and Rejected sweeps gives an indication of the quality of the measurement
conditions.

Rejected

Number of sweeps rejected, based on the Artifact Reject Level field in Options.
The number of Accepted and Rejected sweeps gives an indication of the quality of the measurement
conditions.

Time

4.2.2

The duration of the measurement.

Configuring measurement buttons in TEOAE
OTOsuite enables you to configure the measurement buttons in the TEOAE control panel for up to six different test protocols.

To configure a measurement button:
1. Click the drop-down arrow on the measurement button that you want to configure.
2. Click Change Title and then enter a title for the button.
3. Click Level and then select the level of the stimulus to be used. The recommended level is 80 dB.
4. Click Stop Criteria. In the Accepted Sweeps field, set the number of sweeps to be acquired. Sweeps will be accepted
according to the acceptance criteria that have been set (see Configuring acceptance criteria in TEOAE ► 33
5. To set a timeout period for the measurement, select the check box next to the Seconds (timeout) field and indicate
the maximum duration of the measurement .
6. See Configuring acceptance criteria in TEOAE ► 33 for information about configuring acceptance criteria.

4.2.3

Configuring acceptance criteria in TEOAE
You can set up the program to give an overall Pass or Fail result for each TEOAE measurement. To allow for differences
between testing patient populations, you set these values for your population of patients. You can set different criteria for
each frequency, and for each measurement button. You can set the acceptance criteria when you configure the measurement buttons in the control panel - either by clicking the drop-down arrow on a button, or in the Options window.

To set up acceptance criteria for a measurement button on the control panel:
1. Click the drop-down button on the measurement button, and then click Acceptance Criteria.
2. Select the frequency bands for which you want to enter minimum acceptance requirements.
If none of the bands are selected, then there will not be a Pass/Refer result for the measurement button.
3. For each selected band, fill in the following fields:
Minimum Correlation - Enter the minimum acceptable correlation between the A and B buffers.
Minimum SNR - Enter the minimum signal to noise ratio (SNR) specified as the dB SPL difference between the OAE
and the noise level mean (Ns).
All bands that are selected must meet both of the specified conditions in order for the measurement to be considered as a Pass.
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4. If you select the Stop when accepted check box , the measurement will stop as soon as all acceptance criteria are
achieved.

4.2.4

Configuring measurement buttons in SOAE
OTOsuite enables you to configure the measurement buttons in the SOAE control panel for up to six different test protocols.

To configure a measurement button:
1. Click the drop-down arrow on the measurement button that you want to configure.
2. Click Change Title and then enter a title for the button.
3. Click Stop Criteria and then set the number of Accepted Sweeps to be acquired. Sweeps will be accepted if they pass
the Artifact Reject Level criteria (see The Otoacoustic Emissions Control Panel ► 18).
4. If you want to set a maximum duration for the measurement, select the Seconds (timeout) check box and indicate
the maximum duration in seconds.

4.2.5

About Gain
The system automatically determines the optimum amplifier gain to be used for the current stimulation intensity and the
specific cavity being tested.
It is necessary to use the optimum gain due to the structure of the response. If the gain is set too high, the Meatal
response may appear very large and cause ringing throughout the response window.
The proper gain level is one in which the signal-to-noise ratio is high yet the TEOAE time domain responses are not in saturation, which is often indicated by flattened peaks in the time domain response. If saturation is present, the artifact rejection level should be decreased. Typical gain values range between 1000-4000 depending on the ear canal size and stimulus
level.

4.3

Deleting stored curves, swapping data between ears and copying data
To delete one or more curves:
Hover the mouse over the line in the Legend box for the curve that you want to delete and then click the right mouse button. You can select one of the following options:
•

Delete curve

•

Delete all curves this ear

To swap data between ears:
Hover the mouse over any measurement in the Legend box and then click the right mouse button. Click Swap data
between left and right ear. All measurements for the right ear will be assigned to the left ear, and all measurements for
the left ear will be assigned to the right ear.

To copy curves for use in another application
Hover the mouse over the line in the Legend box for the curve that you want to copy and then click the right mouse button. You can select one of the following options:
•

Copy curve to clipboard - copies one curve to clipboard.

•

Copy curve on both sides to clipboard - copies two curves: the current curve and the curve for the same measurement button but the opposite ear.
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•

Copy all curves on this side to clipboard - copies all curves for the current ear.

•

Copy all curves to clipboard - copies all curves for both ears to the clipboard.

You can then paste the data into, for example, Microsoft Excel.

4.4

Probe Fit
At the beginning and end of each measurement, the Otoacoustic Emissions software checks the fit of the eartip and probe
assembly in the ear. A 500 Hz tone is presented and the ear canal volume is checked. Based on this the software determines whether the probe is out of the ear, occluded, or OK.
If the probe is not inserted correctly or if the probe is occluded, a dialog box is displayed. Adjust the probe and try again.
When inserting the eartip over the probe, make sure the tubes are not obstructed and that the probe casing is not cracked
or broken. When inserting the probe in the ear canal, make sure that it is inserted at the correct angle, following the opening of the ear canal, preventing the ear canal walls from blocking the sound tubes.
It may be impossible to achieve a good fit on certain patients, for example, children with grommets (PE tubes). In those
cases, reduce the external noise as much as possible and click Restart in the Probe Fit dialog to continue with the test.
Results may be slightly compromised, and "Bad Probe Fit" will be displayed in the Legend box.
To meet IEC standard 60645-6, Type 1, the probe fit is also tested after the measurement.
If the probe fit fails at the end of the measurement, you can choose to accept the measurement or to retry. If you accept
the measurement after the probe fit check fails, "Bad Probe Fit" will be displayed in the Legend box as the overall result
for the measurement.

The Probe Fit graphs
The probe fit stimulus contains a click that is used to establish the meatal response. The Probe Fit - Frequency and Probe
Fit - Time graphs display the measured response to the probe fit stimulation. These graphs are intended as a visual aid in
assessing probe fit, or when comparing results from multiple measurements to ensure measurement conditions were similar for the compared curves.
In DP, the Correlation factor displayed in the Probe Fit - Time graph indicates the correlation between the initial probe fit
measurement and the final probe fit measurement.
In TE, the Correlation factor displayed in the Probe Fit - Time graph indicates the correlation between the initial probe fit
measurement and the current probe fit measurement, at any time during the measurement.
The Probe Fit dialog displays the probe fit status (out of the ear, occluded or OK) and the ear canal volume, as well as the
Probe Fit graphs. When the probe fit function is run automatically, the Probe Fit dialog is displayed only after the probe fit
fails (that is, if the fit is poor or a large volume is measured). However, you can initiate a probe fit test and view the Probe
Fit dialog during the probe fit test by clicking the Probe Fit button in the control panel.

Historical probe fit test results
For each measurement, the results of only one probe fit test are saved. If the probe fit test at the end of the measurement
is unsuccessful, it is saved with the measurement, and the measurement is marked as having a bad probe fit. If the probe fit
test at the end of the measurement is successful, then the initial probe fit is saved.

4.5

Configuring Options
This section describes selected test parameters that can only be set up in the Options window, and are not described elsewhere in this manual.
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General View settings
Displayed DP - This field determines whether the DP1 or DP2 results are plotted in the DP-gram.
Symbols - This field determines which symbol is used to mark the placement of the measured points in DP result graphs.
Measured Ear - The symbols indicate which ear the curve is for. X indicates the left ear, and O indicates the right ear.
Point Status - The symbols indicate whether or not a measured point meets the acceptance criteria. An X indicates that
the point failed to pass the acceptance criteria; a check mark indicates that the point passed the acceptance criteria.

Curve Number - Each point in the curve is marked with a number corresponding to the number of the measurement button that made the curve.

Common DP Configuration
Understanding Blocks and Sweeps
Each point on a DP-gram or DP I/O graph is the average of a number of measurements at a specific frequency. Each measurement is called a "sweep." It is recommended to have sweeps split into blocks so that if the SNR is too small during one
block, those recordings may be discarded. By the time the other frequencies have been measured and the next block is
being acquired, the SNR may have improved.

Blocks - This field contains the number of blocks. This number can be multiplied by the Sweeps per Block to determine
the total number of sweeps.

F2/F1 Ratio - This field contains the F2/F1 ratio, which determines the stimulation frequencies presented on F1 and F2.
Max Level Correction - This field contains the maximum correction that can be supplied as a result of calibration.
Noise Reject level - This field contains the maximum acceptable level of noise above the noise floor. If the noise level during the recorded block of sweeps is more than the selected number of decibels above the initial noise floor, the block will
be rejected. Note that the noise reject level is relative to the initial noise conditions. Hence, it is important to make sure
that the patient is quiet when the test is initiated and the noise floor is measured. During the initial noise measurements,
frequency dependent absolute noise level criteria are used to warn the user if the ambient noise is too large.

Retry - This is the number of times the system will try to acquire a specific block, if it has been rejected due to noise. If
the system is unable to acquire a good recording after the number of retries has been exhausted, it will choose the best
block for that frequency and continue with the test.

Stimulus Correction - The selection in this field determines how the presented stimulus is corrected.
Optimized In Situ - Calibration is based on the actual stimulation frequencies and levels that will be used in the test. Each
tone pair is calibrated immediately before the data for that tone pair is collected.

Chirp - Calibration is based on a broadband stimulus and the calibration is completed before the test is started.
Coupler Corrected - Stimulus values are corrected based on an IEC 711 Ear Simulator and are not corrected for actual measured ear canal volume.

Sweeps - This field specifies the total number of times that each frequency pair will be acquired. The ideal setting will
vary depending on the testing conditions. If testing in a noisy environment, additional sweeps will be required to increase
the SNR levels. At least 16 or 32 sweeps are recommended. This field is not editable – it is calculated based on Blocks and
Sweeps per Block.

Sweeps per Block - Determines how many sweeps are acquired at a time. It is recommended to have sweeps split into
blocks so that if the SNR is too small during one block, those recordings may be discarded and only valid data will be used
during acquisition.

Common TEOAE and SOAE Configuration
Stimulus Correction - The selection in this field determines how the presented stimulus is corrected.
In Situ - Stimulus values are corrected and adjusted based on actual ear canal volume.
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Coupler Corrected - Stimulus values are corrected based on an IEC 711 Ear Simulator and are not corrected for actual measured ear canal volume.

Artifact Reject Level - During acquisition, unwanted spikes or artifacts caused by various sources of sound can be eliminated or severely reduced by proper adjustment of the artifact rejection level.

Click Duration - A click sound stimulus is generated by presenting a rectangular electrical pulse to the transducer. The
length of the electrical pulse is specified by the Click Duration field, given in microseconds.

DP GRAM View settings
DP Plot Position - This option determines whether the distortion product is plotted on the DP-gram at the frequency of
the first stimulation frequency (F1), the second stimulation frequency (F2), the distortion product (DP) or the Geometric
mean (√(F1×F2)). If this field contains F1, then the Data table will display the frequency of F1. If this field contains F2, FP or
GM, the Data table will display the frequency of F2.

TEOAE Measurement settings - Button configuration
Stimulus Rate - This option determines the stimulus presentation rate, that is, how many times the stimulus is presented
in one second. Values from 10 to 50 per second are acceptable.

Stimulus Type - The stimulus can be either a click or tone burst.
A click sound stimulus is generated by presenting a rectangular electrical pulse to the transducer. The length of the electrical pulse is specified by the Click Duration field, given in microseconds.
A tone burst is a signal of a given frequency and duration as specified in the Tone Burst Frequency and Tone Burst Duration fields.

Tone Burst Frequency - This option specifies the frequency of the tone burst stimulus. Acceptable values are between
750 and 4,500.

Tone Burst Duration - This option specifies the duration in microseconds (μs) of the tone burst stimulus. Acceptable values
are between 10 and 100,000.

Measurement Mode - This option specifies the acquisition mode:
Linear: The Linear Acquisition modality uses a stimulation sequence composed of identical stimuli.

Fig. 2

Stimulation sequence for linear acquisition

The linear modality acquires for 25.6 milliseconds immediately following the stimulation. Because of the large stimulus artifact (Meatal response) that can occur at high stimulation intensities (above 65 dB SPL), a non-linear modality is also available. It is recommended to use linear acquisition when performing tests at intensities lower than 65 dB SPL.

Non-Linear: When the Non-Linear option is selected, a special stimulation sequence is used in order to reduce the Meatal
response artifact. In this modality, a stimulus sequence is presented to the ear containing several identical stimuli. The
sequence is terminated by a stimulus signal that has the opposite polarity as the initial stimuli and amplitude that is equivalent to the sum of all previously presented stimuli in the sequence. The sum of the amplitudes of all the stimulus signals
in the sequence is zero.
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Fig. 3

Stimulation sequence for non-linear acquisition

The stimulus signal may be composed of clicks or tone bursts as selected in the Stimulus Type field. Because the Meatal
response artifact is linear with respect to the stimulation intensity, the Meatal artifact of the initial signal is canceled out
by the terminating inverted signal of the sequence. At moderate stimulation intensities, around 65 dB SPL, the TEOAE
responses saturate, and the resulting acquired response using the Non-Linear method contains the non-linear portion of
the TEOAE response and a reduced Meatal artifact.

At low stimulation intensities, however, the Non-Linear stimulation modality is no longer advantageous since both the
TEOAE and Meatal response are linear with respect to the stimulation intensity. The use of the Non-Linear stimulation
option at low stimulation intensities would result in response and artifact cancellation. At low stimulation intensities, a linear stimulation modality is recommended.

Automatic: If Automatic is selected, then the acquisition mode is set automatically depending on the level of the stimulus.
If the stimulus is below 65 dB, the linear acquisition mode is used; if the stimulus is 65 dB or higher, the non-linear acquisition mode is used.

SOAE Misc
SOAE criteria - The minimum signal-to-noise ratio for automatic identification of an SOAE. Spikes on the graph that meet
the SNR criteria will be identified as SOAEs. A marker will appear on the graph for each SOAE and the SOAE frequency will
be listed in the Data table.
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Measurement settings
Level - For the test to be synchronous, some stimulation is required to provide a time marker. It is recommended that the
synchronization stimulus be lower than 60dB SPL to prevent the stimulus from affecting the spontaneous emissions.

Stimulus Rate - This option determines the stimulus presentation rate, that is, how many times the stimulus is presented
in one second. Values from 1 to 10 per second are acceptable.

4.6

Viewing OAE Graphs: Zoom and Pan
Zoom
You can use the zoom function to get a more detailed view of curves in OAE. To zoom in a graph, hover the cursor over
the graph and turn the mouse’s scroll wheel. If the mouse does not have a scroll wheel, press Ctrl while you move the
cursor up over the graph. To zoom out again, press Ctrl while you move the cursor down over the graph.

Pan
When you use the Zoom function on a graph, only part of the graph is visible. Then you can use the Pan function to view a
different part of the graph. To pan, press the left mouse button while you move the cursor over the graph.

4.7

Printing reports in Otoacoustic Emissions
In general, reports in Otoacoustic Emissions are similar to reports in other modules in OTOsuite. You can print reports for
Otoacoustic Emissions from the Reports menu, and you use the Report Manager to manage the list of reports that appear
in the Reports menu. See the OTOsuite User Guide for more information about general report functionality.

4.8

Selecting Test Types for Otoacoustic Emissions
You can use the Configuration Wizard to show or hide test screens in Otoacoustic Emissions.
1. To open the Configuration Wizard, click Tools > Configuration Wizard.
2. Click the Configure button for Otoacoustic Emissions.
3. In the Test Types dialog, select the test types that you want to use. If you remove the check mark for a test type, it
will be hidden in the Navigation panel and the test tab will be removed.
4. Click OK to apply your changes and close the window.
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Service, Maintenance and Cleaning
Service
It is recommended that you keep the packing material in which MADSEN Capella² was delivered. If you need to send it in
for service, the original packing material will ensure protection against damage during transport, etc.

Warning • For the sake of safety and in order not to void the warranty, service and repair of electro-medical
equipment should be carried out only by the equipment manufacturer or by service personnel at authorized workshops. In case of any defects, make a detailed description of the defect(s) and contact your supplier. Do not use a
defective device.

Warning • No modification of this equipment is allowed.

If you experience technical problems with Capella², perform the following steps:
1. Complete the instructions in Troubleshooting ► 43.
Most problems may be solved on site without the aid of a technician.
2. Get your system information ready to expedite service. Locate the serial number on the bottom of your Capella² and
have it handy.
3. Have a print out of the problem ready, if applicable.
4. Contact your supplier.

Maintenance
Capella² should be calibrated by a service technician once a year or when the probe and amplifier are replaced.

Cleaning
Use a soft, slightly damp cloth with a small amount of detergent to clean the device.

Caution • Follow your institution's procedures when cleaning the device. Do not use strong cleaners that may
damage the plastic case. Do not allow any cleaning solution to get inside electronic components and connectors.

OTOsuite Software Upgrades
To obtain the latest version of OTOsuite, you can download the software from www.otometrics.com, or contact your local
distributor.
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Troubleshooting
This is a guide to the most frequently asked questions and their solutions. Please be sure to follow this troubleshooting
guide before calling technical support. Make sure to go through all the steps outlined in this guide until the problem is
resolved. Even though some of the suggestions may seem to be too elementary to present a solution, they may be the
source of the problem. If the procedure did not help you solve the problem, you will need to contact your supplier for
additional help. Make sure to tell the technical support representative that you followed the steps in this guide.

6.1

6.2

My Capella² is not responding
•

Is the power LED on the Capella² device illuminated? If not, check that the USB cable is properly connected. Check
both ends of the cable for proper connection and the cable itself for any possible damage.

•

Was OTOsuite started before Capella² was plugged in? If so, exit OTOsuite. Unplug the USB cable connecting Capella²
to the computer and then plug it back in. Then restart OTOsuite.

The power LED on Capella² is blinking
The system must be inspected by your supplier immediately. Unplug the system and contact your supplier for details about
returning the system for inspection.

6.3

I get an error message when starting OTOsuite
The problem is that the Capella² was not plugged in before OTOsuite was started. OTOsuite needs to verify the connection and download programs to Capella² before it can run. To fix this problem, shut down OTOsuite, plug in Capella²
and restart OTOsuite. If this does not solve your problem, there must be something wrong with Capella² or its connections. Follow the steps in My Capella² is not responding ► 43 to find the problem.

6.4

6.5

6.6

There is no sound output from the OAE probe
•

Is the Capella² device plugged in and was it plugged in before OTOsuite was started?

•

Is the OAE probe connected to Capella² properly and with the plug all the way into the socket?

The system does not pick up signals when testing
•

Is the probe properly connected? Verify that all cables are properly connected.

•

Was the device unplugged when OTOsuite was started? If that is the case, disconnect the patient from the system,
connect Capella² to the PC and restart the software.

•

Is there anything occluding the patient’s ear canal? Check the ear canal for any substance that might be occluding the
signal.

•

Is the probe occluded? Verify that the tip of the probe is not being occluded by a foreign substance.

•

Put the probe close to your mouth and whistle; does the probe pick up the signal? If it does not, your probe may need
repair.

•

Is the system properly calibrated? If not, have your system calibrated by a service technician.

There is high noise in the acquired signal
•

Make sure that the testing room is quiet and that there are no outside noises of amplitude greater than 30dB SPL.
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6.7

•

Verify probe fit. Loose fit may cause the probe to pick up unwanted signals.

•

Make sure the probe cover tip is properly snapped onto the probe microphone casing.

•

Make sure that the patient is not swallowing constantly, breathing heavily or moving around during testing.

An error message appears when the system starts a test
Noise too large. Continue?
This error will occur when too much noise is detected by the system. The software will try to compensate for the excessive noise if the Continue option is selected. If the value exceeds compensation limits, a second error will appear indicating
that fact. Large noise may be caused by bad connections. Make sure the probe is connected properly and the Probe fit is
good.

Ear correction too large, please check probe fit.
This error message refers to a large ear correction value. The probe or ear canal might be occluded and may need cleaning. If the probe is not positioned properly, the probe end may be blocked by the ear canal wall, causing this error. Verify
all connections of the probe.

One or more correction values were too large. Please check probe fitting.
This is a warning message to indicate that some of the correction values may have exceeded the correction value entered
in the parameters dialog box. These values may not be much larger than the correction value entered. This message is an
information statement. Make sure the probe is placed correctly in the patient’s ear. Verify that the probe is properly connected. However, if the message keeps appearing, it can be ignored.

6.8

My computer freezes or Capella² does not start
Some versions of the Windows operating system turn off USB Root hubs by default to conserve power when the computer
goes into idle state. This may cause the device to stop working properly when the system resumes operations after sleep,
hibernation or long computer inactivity.

Reconnect the device to reestablish the connection
If the device is not working because the USB Root hub has gone into power save mode, unplug the USB plug and reinsert it
to reestablish the connection.

Prevent the USB Root hub from turning off
To prevent the USB Root hubs from being turned off when the computer is idle, disable the relevant power saver options
in Windows. For example, in Windows XP:
1. Access the System Properties dialog by right-clicking on the My Computer icon and selecting Properties .
2. From System Properties , select the Hardware tab and click on the Device Manager button.
3. Expand the Universal Serial Bus controllers section by clicking on the [+] sign.
4. Open the properties dialog box for the USB Root Hub item by right clicking on it and selecting Properties .
5. From the Properties dialog box, select the Power Management tab and deselect the option that reads “Allow the
computer to turn off this device to save power”, then click OK to save the changes.
Alternatively, you may choose to prevent the computer from going into sleep or hibernation modes. Access the power
management options in the Windows control panel to change these options. Consult your computer’s user manual for
details about these options.
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Safety
This manual contains information and warnings, which must be followed to ensure the safe performance of the devices and
software covered by this manual. Local government rules and regulations, if applicable, should also be followed at all times.

7.1

Definition of Symbols
Consult user manual for warnings and cautions.

Follow instructions for use.

Consult instructions for use.

Complies with Medical Devices Directive 93/42/EEC and RoHS Directive (2011/65/EC).

Complies with Type BF requirements of IEC60601-1.

Electronic equipment covered by the Directive 2002/96/EC on waste electrical and electronic equipment
(WEEE).
All electrical and electronic products, batteries, and accumulators must be taken to separate collection at
the end of their working life. This requirement applies in the European Union. Do not dispose of these
products as unsorted municipal waste.
You can return your device and accessories to Otometrics, or to any Otometrics supplier. You can also contact your local authorities for advice on disposal.
Do not reuse.

Used in error message dialogs if software program fails. See the detailed information in the dialog box.

7.2

Warning notes
This manual contains information and warnings, which must be followed to ensure the safe performance of the devices and
software covered by this manual. Local government rules and regulations, if applicable, should also be followed at all times.
1. To avoid the risk of electric shock, this equipment must only be connected to a supply mains with protective earth.
2. The System must be tested for leakage current by the biomedical engineering department of your institution.
The biomedical department of your institution must make sure that the leakage current test results comply with the
requirements of your region.
The system must be tested thoroughly before connecting any patients.
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Computers connected to a network need to be tested for leakage current while connected to the network, a network
connection may affect total leakage current.
3. Do not use the instrument in the presence of flammable agents (gases) or in an oxygen-rich environment.
4. The system is not protected against defibrillators. Remove patient connections before defibrillation. If defibrillation
occurs, retest the system for leakage current to ensure safety.
5. Hazardous electrical output may occur. This equipment is for use by qualified personnel only.
The operator must not touch any of the electrical cables and the patient at the same time.
Patient connections are not intended for direct cardiac contact, although they are electrically isolated.
6. Read and follow the installation instructions in Unpacking and Installing Capella² and the Otoacoustic Emissions
Module ► 9 when installing or transferring the system.
7. Only individuals who are trained in the use of the device and its principles should use MADSEN Capella². All results
should be reviewed by a certified audiologist or licensed physician who has knowledge of Otoacoustic Emissions.
8. Do not clean the ear canal unless you are a certified audiologist or physician trained in this procedure. Severe injury
and hearing loss may result to the client if the procedure is not done properly.
9. Only cables supplied by the distributor shall be used to connect the equipment to other parts or to external components as specified in the manuals.
10. It is important that hygienic precautions are taken to protect the client from cross-infection. Be sure to follow any
established infection control procedures for the setting in which you are working.
11. No parts may be eaten, burnt, or in any way used for purposes other than the applications defined in the Intended Use
section of this manual.
12. Keep the unit away from liquids. Do not allow moisture inside the unit. Moisture inside the unit can damage the
instrument and it may result in a risk of electrical shock to the user or patient.

Caution notes
1. Do not operate with damaged cords or plugs. Inspect all connection cords periodically for fraying or other damage.
2. When connecting all cables, do not force the connection; damage to the hardware may occur.
3. Read and follow the instructions provided in the user manual to ensure safe and proper use of the equipment.
4. When you connect other electrical equipment to MADSEN Capella², remember that equipment that does not comply
with the same safety standards as MADSEN Capella² can lead to a general reduction in the system's safety level.
5. Turn off and disconnect all parts of the equipment when performing maintenance and cleaning.

7.3

Distributor
GN Otometrics A/S
Hoerskaetten 9, 2630 Taastrup
Denmark
( +45 45 75 55 55
7 +45 45 75 55 59
www.otometrics.com
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7.4

Manufacturer
Intelligent Hearing Systems
6860 SW 81st St.
Miami, FL 33143
USA

Authorized Representative:
Emergo Europe
Molenstraat 15
NL-2513 BH The Hague
The Netherlands

7.5

Responsibility of the manufacturer
GN Otometrics and the manufacturer, Intelligent Hearing Systems, are to be considered responsible for effects on safety,
reliability, and performance of the equipment only if:
•

All assembly operations, extensions, re-adjustments, modifications or repairs are carried out by the equipment manufacturer or personnel authorized by the manufacturer.

•

The electrical installation to which the equipment is connected complies with EN/IEC requirements.

•

The equipment is used in accordance with the instructions for use.

The manufacturer reserves the right to disclaim all responsibility for the operating safety, reliability and performance of
equipment serviced or repaired by other parties.

Otometrics - MADSEN Capella²

47

7 Safety

48

Otometrics - MADSEN Capella²

8

8.1

Technical Specifications - MADSEN Capella²
Degree of Mobility

Portable Equipment

Expected Lifetime

5 Years from date of manufacture

Standards
Safety:

8.2

8.3

Class I (IEC 60601-1); Type BF (IEC 60601-1); IPXO - Ordinary Equipment (IEC 60601-1)

Operating environment
Temperature:

+15°C to +35°C (59°F to +95°F)

Relative humidity:

15% to 90% at 40°C non-condensing

Storage environment
Temperature:

0°C to +50°C (32°F to +122°F)

Rel. humidity:

< 95%, non-condensing

See also Storage, Handling and Transportation ► 9.

8.4

8.5

Electrical Specifications
Rated Input Current:

0.5 A

Rated Input Voltage:

Nominal: +5 V DC; Acceptable range: 4.30 V to 5.50 V

PC power supply
The PC that Capella² is connected to should have a grounded power supply.

8.6

8.7

Technical Specifications - ER-10D Probe
Connector

8-Pin mini DIN

Cable Length

6 feet ( 1.83 meters)

Net Weight

3.6 oz. (100 grams) approx.

Maximum Output

109 dB SPL - 64 dB SPL (frequency dependent) measured in Zwislocki coupler

Technical Specifications - OAE System
The OAE amplifier, inside Capella², contains the low-pass filters, high-pass filters and gain settings used to acquire otoacoustic emission recordings from an ER-10D OAE probe, for OTOsuite. The probe cable is connected to the OAE amplifier via
an 8-Pin mini DIN connector.
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General Specifications
Stimulus frequency Accuracy

1%

Measurement Accuracy

+/- 1 dB SPL

Amplification (x1000)

100 DPOAE, 100–10,000 TEOAE

DPOAE Normal Frequency Mode
FFT Resolution

9.78125 Hz

Frequency Range

500 Hz - 10,000 Hz

TEOAE Mode

8.8

FFT Resolution

39.125 Hz

Acquisition window length

25.56 ms

Acquisition frequency Range

450 Hz - 5,000 Hz

Accessories
•

ER-10D OAE Probe

•

USB cable

•

Wall Mount Kit (optional)

Disposable accessories
Item

Part number

Qty. in Starter Kit

Reorder Qty.

MADSEN Capella² Starter Kit

8-69-42800

ER-10D OAE Probe Tips

1-12-73400

4

4

Probe cleaning tool

1-08-05300

1

1

3-6 mm treetip red

8-68-32300

4

100

4 mm yellow

8-68-32301

4

100

5 mm blue

8-68-32302

4

100

6 mm green

8-68-32303

4

100

7 mm yellow

8-68-32304

4

100

1

Eartips - Plastic (See also Plastic Eartips ► 12)
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Item

Part number

Qty. in Starter Kit

Reorder Qty.

8 mm red

8-68-32305

4

100

9 mm blue

8-68-32306

4

100

10 mm green

8-68-32307

4

100

8-68-32308

4

50

Eartips - Foam (See also Foam Eartips ► 12)
14 mm yellow

8.9

Notes on EMC (Electromagnetic Compatibility)
•

MADSEN Capella² is part of a medical electrical system and is thus subject to special safety precautions. For this reason,
the installation and operating instructions provided in this document should be followed closely.

•

Portable and mobile high-frequency communication devices, such as mobile phones, may interfere with the functioning of MADSEN Capella².
Guidanceand manufacturer's declaration - electromagnetic emissions for all equipment and systems
MADSEN Capella² is intended for use in the electromagnetic environment specified below. The user of MADSEN Capella² should ensure that it is used in such an
environment.
Emissionstest

Compliance

Electromagnetic environment - guidance

RF emissions

Group 1

MADSEN Capella² uses RF energy only for its internal function. Therefore, its RF emissionsare

CISPR 11
RF emissions

very low and are not likely to cause any interference in nearby electronic equipment.
Class B

CISPR 11

MADSEN Capella² is suitable for use in all environments, including domestic environments
and those directly connected to the public low-voltage power supply network that supplies
buildingsused for domestic purposes.

Harmonic emissions IEC 61000- 3-2

Not applicable

Voltagefluctuations/flicker emissionsIEC Not applicable
61000-3-3
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Guidanceand manufacturer's declaration - electromagnetic immunity for all equipment and systems
MADSEN Capella² is intended for use in the electromagnetic environment specified below. The user of MADSEN Capella² should ensure that it is used in such an
environment.
Immunitytest

IEC 60601

Compliancelevel

Electromagnetic environment - guidance

+/- 6 kV contact

+/- 6 kV contact

Floors should bewood, concrete or ceramic tile. If floors are covered with syn-

+/- 8 kV air

+/- 8 kV air

thetic material, the relative humidity should be at least 30%.

3A/m

3A/m

Power frequency magnetic fields should be at levels characteristic of a typical loc-

test level

Electrostatic discharge (ESD)
IEC 61000-4-2
Power frequency
(50/60 Hz) magnetic

ation in a typical commercial or hospital environment.

field
IEC 61000-4-8

Note • UT is the AC mains voltage prior to application of the test level.
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Guidanceand manufacturer's declaration - electromagnetic immunity - for equipment and systems that are NOT life-supporting
MADSEN Capella² is intended for use in the electromagnetic environment specified below. The user of MADSEN Capella² should ensure that it is used in such an
environment.
Immunity test

IEC 60601

Compliance level

Electromagnetic environment - guidance

3V/m

Portableand mobile RF communications equip-

test level
Radiated RF

3V/m

IEC 61000-4-3

80MHz to 2.5 GHz

ment should be used no closer to any part of
MADSEN Capella², including cables, than the recommended separation distance calculated from the
equation applicable to the frequency of the transmitter.
Recommended separation distance:
d = 1.2

for 80MHz to 800 MHz

d = 2.3

for 80MHz to 2.5 GHz,

where P is the maximum output power rating of
the transmitter in watts (W) according to the transmitter manufacturer and d is the recommended
separation distance in metres (m).
Field strengthsfrom fixed RF transmitters, as
determined by an electromagnetic site survey, a
should beless than the compliance level in each
frequency range. b
Interference may occur in the vicinity of equipment marked with this symbol:

Note 1:At 80 MHzand 800 MHz the separation distancefor the higher frequency range applies.
Note 2:These guidelinesmay not apply in all situations. Electromagnetic propagation is affected by absorption and reflection from structures, objects and
people.
a. Field strengthsfrom fixed transmitters, such as base stations for radio (cellular/cordless) telephones and land mobile radios,amateur radio, AM and FMradio
broadcast and TV broadcast cannot be predicted theoretically with accuracy. To assess the electromagnetic environment due to fixed RF transmitters, an
electromagnetic site survey should beconsidered. If the measured field strength in the location in which MADSEN Capella² is used exceeds the applicable RF
compliance level above, the MADSEN Capella² should beobserved to verify normal operation. If abnormal performance is observed, additional measures
might benecessary, such as reorienting or relocating MADSEN Capella².
b. Over the frequency range 150 kHzto 80MHz, field strengths should beless than 3 V/m.
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Recommended separation distances between portable and mobile RF communications equipment and MADSEN Capella²
The MADSEN Capella² isintended for use in an electromagnetic environment in which radiated RF disturbances are controlled. The customer or the user of the
MADSEN Capella² can help prevent electromagnetic interference by maintaining a minimum distance between portableand mobile RF communications equipment (transmitters) and the MADSEN Capella²asrecommended below, according to the maximum output power of the communications equipment.

Rated maximum output power of trans- Separation distance according to frequency of transmitter
mitter
m
W
80MHz to 800 MHz

800 MHzto 2.5 GHz

d = 1.2

d = 2.3

0.01

0.12

0.23

0.1

0.38

0.73

1

1.2

2.3

10

3.8

7.3

100

12

23

For transmitters rated at a maximum output power not listed above, the recommended separation distance d in meters (m) can be estimated using the equation applicable to the frequency of the transmitter, where P is the maximum output power rating of the transmitter in watts (W) according to the transmitter
manufacturer.

Note 1:At 80 MHzand 800 MHz the separation distancefor the higher frequency range applies.
Note 2:These guidelinesmay not apply in all situations. Electromagnetic propagation is affected by absorption and reflection from structures, objects and
people.
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Glossary of Terms
Term

Definition

F1

Frequency of first stimulation frequency.

F2

Frequency of second stimulation frequency.

F2/F1

Ratio of F2 and F1 frequencies. Any ratio between 1.1 and 1.5 may be selected when automatically calculating the stimulation frequencies. A ratio of 1.22 is typically used.
The user may also enter a pair of test frequencies and the system will then calculate the frequency ratio.

((2 F1) F2)

The frequency of the most robust distortion-product. For more information, consult the OAE literature
(see e.g., Hall et al., 1994).
Geometric mean of F1 and F2 when L1 = L2. The generation of the ((2 F1) - F2) distortion product occurs in
this region.

L1

Intensity of the first stimulation frequency (F1) in dB SPL.

L2

Intensity of the second stimulation frequency (F2) in dB SPL.
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Index

Index
A
Acceptance criteria, OAE 25, 33
Accepted Sweeps in TEOAE 33
Accessories
list 50
Advanced frequency selection 23
Ambient noise and OAE testing 15
Amplifier gain in TEOAE 34
Artifact Reject Level 37
Assembling 9
B
Blocks in OAE 36
C
Cable connections, Capella² 9
Capella² errors 43
Change button title 23-24
Cleaning Capella² 41
Cleaning the ear canal 15
Configuring Otoacoustic
Emissions 39
Connecting
Capella² to PC 10
OAE probe to Capella² 10
Control panel
Otoacoustic Emission 18
Copy
button settings 25
Correlation % 31
D
Data acquisition board 5
Data table, OAE 21, 31-32
Delete
curves 34
Displayed DP 36
Distortion Product OAEs 17
Distributor, Capella² 46
DP amplitude 25
DP Gram 19
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DP Gram data 21
DP GRAM measurement buttons, configuring 23
DP Gram Measurement Details 20
DP GRAM test, setting up 23
DP I/O graph 19
DP I/O graph data 21
DP I/O measurement buttons, configuring 24
DP I/O test, setting up 24
DP plot position 21, 37
E
Eartips
foam 12
plastic 12
Electromagnetic compatibility 51
EMC 51
ER-10D OAE Probe 11
Expected lifetime, Capella² 49
F
F1 and F2 55
Frequency minimum, DP GRAM 23
Frequency out of range 23
Frequency selection, DP GRAM 23
G
Glossary, OAE 55
H
Historical OAE data 28
I
Intended use
Capella² 5
Internal noise overlay 21
L
L1 and L2 20, 55
L1/L2 intensity 23
L1/L2 overlay 21
Legend
OAE 20
Level selection, DP I/O 24
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Index

M
Maintaining Capella² 41
Manufacturer
Capella 47
Measurement Mode 37
Minimum Correlation 33
Minimum SNR 33
N
Noise floor overlay 21
Noise reject level 21, 36
Normative data, OAE 26
O
OAE data table 21, 31-32
OAE normative data 26
OAE overlays 21, 31
OAE probe tip, replacing 11
OAE result 21, 31
Operating environment 49
Otoacoustic emissions 17
Overall acceptance criteria 25
Overlays
OAE 21, 31
P
Pan in OAE graphs 39
PC power supply for Capella² 49
Per point acceptance criteria 25
Point per octave, DP GRAM 23
Power LED blinking 43
Power supply for Capella² 39
PrecisePoints 23
Presented DP field 19, 21
Previous session data 28
Probe
OAE, fitting on client 15
Probe fit check, OAE 35
R
Reordering eartips 50
Replacing OAE probe tip 11
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S
Safety
Capella² 45
Safety standards, Capella² 49
Service and repair, Capella² 41
Show/hide OAE test types 39
SNR 25
SOAE criteria 38
SOAE measurement buttons, configuring 34
SOAE test, setting up 34
Spectral response data 31
Spectral Response graph 30
Spectrum graph 20
Spontaneous OAEs 29
Standard deviations overlay 21
Step size 24
Stimulus correction 36
Stop criteria in SOAE 34
Stop criteria in TEOAE 33
Storage environment 49
Storing Capella² 9
Swap ear results 34
Sweep direction 23-24
Sweeps in OAE 36
Switching off Capella² 10
Symbols in DP Gram 36
Symbols on Capella² 45
T
Technical specifications 49
electrical 49
ER-10D OAE Probe 49
OAE Amplifier 49
Temperature, operating 49
Temperature, storage 49
Temporal Response graph 31
TEOAE measurement buttons, configuring 33
TEOAE test, setting up 33
Test parameters, viewing 20
Test types, selecting for OAE 39
Transient OAEs 29
Troubleshooting Capella² 43
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U
Unpacking and Installing
Capella² 9
Upgrading OTOsuite 41
W
Warning notes
Capella² 45
Z
Zoom in OAE graphs 39
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