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Figure 1: Saracon’s main window.

1 Introduction

Saracon is an audio file format conversion software
targeted on professional audio-workstations. It in-
corporates proven and new cutting-edge Weiss-algo-
rithms and combines them with the convenient data
handling of workstations. Professional monitoring
tools give insight into the conversion processes and
give full control to the audio engineer. It has been
designed to provide the audio engineer with a soft-
ware audio file conversion tool of outstanding qual-
ity.

Saracon comes with an easy to use interface
with lots of features including: Monitoring, log files,
full-featured DSD converter with a graphical his-
tory, test signal generator and more.

Thank you for purchasing this software.

If you should ever miss a feature or feel uncom-
fortable with the ergonomics or are dissatisfied with
the sonic integrity or anything else please do not
hesitate to contact us (see the contact information
provided in appendix E).

1.1 Different Editions of Saracon and
this Manual

Saracon is available in different editions1. Some
sections become irrelevant for the Standard edition.
Those parts of the manual which are relevant to the
DSD edition only are marked with a ♣.

2 Conversion Mode

Saracon operates at a single mode at a time. Each

1DSD and Standard, see section 12

mode provides a specific kind of audio data/file con-
version. There are three modes available:

2.1 PCM to PCM - Mode

The PCM2 to PCM (P2P) audio conversion allows
conversion from and to diverse PCM audio formats,
sample rates, number formats, using sophisticated
sample rate conversion and word length reduction
algorithms.

2.2 PCM to DSD - Mode ♣
The PCM to DSD3 (P2D) audio conversion accepts
all PCM formats which are supported by the PCM
to PCM conversion. The output is in DSDIFF4

format.

2.3 DSD to PCM - Mode ♣
The DSD to PCM (D2P) audio conversion accepts
DSD data in the DSDIFF file format. The PCM
output can be any file format which is supported
by the PCM to PCM conversion.

2.4 Selecting the Mode

The mode can be selected in the main window –
see figure 1, item 1 – or in the main menu Edit::Set
Configuration::. . . .

3 Configurations

Each specific conversion requires precise informa-
tion about the data to be converted, e.g. input files,
output files, sample rate settings, quantization set-
tings, batch mode . . . . This collected information is
called a configuration. Configurations can be edited
in their dedicated configuration editor – see figures
2 and 3.

To launch the configuration editor for the cur-
rent conversion mode click Edit in the main window,
the main menu item found under Edit::Configuration
or hit the shortcut Ctrl+Y.

3.1 Loading and Saving Configurations

Configurations can be saved to and loaded from
files. All configurations use the same file-format,
the *.src format. This file-format uses plain text

2Pulse Code Modulation
3DSD: Direct-Stream-Digital
4DSD Interchange File Format
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Figure 2: P2P and D2P configuration editor (the D2P configuration differs only in the input file infor-
mation).

Figure 3: P2D configuration editor.
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which makes it human-readable5 and portable be-
tween applications/platforms.

To save a configuration to a file, select File::Save
Configuration from the main menu or hit Ctrl+S.

To load a configuration select File::Open Config-
uration from the main menu or hit Ctrl+O. File::Save
As saves the current configuration at a different
place.

The 10 most recent configurations are directly
accessible through the main menu (File::Recent Con-
figurations).

The currently active configuration can be flushed
to default values (empty) by clicking File::Load Blank
Configuration or hitting Ctrl+B.

All input files are saved as absolute paths in the
configuration files. If the source files are moved, the
paths in the configurations must be adapted either
by manually editing the .src file or by loading the
configurations and re-adding the source files.

3.2 Common Settings

All modes share some common settings which are
explained here. The mode specific settings are ex-
plained in sections 3.3, 3.4 and 3.3 respectively.

3.2.1 Source files

Each configuration editor provides an Add Files but-
ton (or insert key on the keyboard) which allows
the user to browse for files and select multiple in-
put files to a configuration. Depending on the mode
the file filters are initialized differently. If the file
should have a different extension, the *.* filter can
be selected.

The Remove button (or delete key on the key-
board) removes the file which is currently selected
in the input file list, the Remove All button removes
all input files.

The Smart Add check box defines how addi-
tional input files are searched and added to sup-
port to the so called Smart Interleave batch mode
(see section 3.2.2): When adding a single or mul-
tiple input files, Saracon searches for other chan-
nels of these input files based on the names of the
selected files and adds them to the source files if
found. Typical channel indications (here examples
for the left channel) are <name>.L.wav, <name>.L,
<name>.1.wav, <name>.1.

When adding files with drag and drop, Smart
Add is always enabled.

5This can be useful if anything has to be edited by hand
if something really goes wrong

3.2.2 Batch Modes

The batch mode determines which list of output
files is generated from a list of input files. The user
can select from four different batch modes:

Normal In this batch mode each input file gener-
ates exactly one output file.

Smart Interleave During Smart Interleave Sara-
con scans the input files for files which seem
to be of the same group and interleaves them
to a single file whereas the channel order fol-
lows the input file name convention. Example:
If the source file list contains file.x.L.wav,
file.x.R.wav, file.y.L.wav, file.y.R.wav
and file.z.wav, the resulting files would be
file.x.wav, file.y.wav and file.z.wav whereas
file.x.wav and file.y.wav are interleaved
files containing the channels of their *.L.wav
and *.R.wav source files. File extensions which
are recognized by Smart Interleave are .L, .R,
.1, .2, . . . , .8 and the same extensions with
the file format extension appended (as in the
example above).

Interleave All In this mode all channels from all
input files are interleaved to a single output
file. The file/channel order corresponds to the
order in the source file list.

Split In Split mode all channels of all input files
end up in separate output files.

3.2.3 Gain

Defines the gain which is applied during the conver-
sion in decibel (dB).

3.2.4 Sample Rate

Determines the sample rate of the target files.

3.2.5 Destination Folder

Determines the location of the target files. You can
either set the location with the directory browser
which is opened with the Browse button or by edit-
ing the destination manually and confirming with
Enter. When editing manually the path must exist
exept for the last directory which is then created
automatically.

3.2.6 Postfix

The postfix is a user defined string which is ap-
pended to the file name just before the file exten-
sion. If the source file is for instance my-file.x.aiff



3.4 P2D Settings 9

and you convert to FLAC, then, with the postfix
set to -mypfx, the resulting file name would be my-

file.x-mypfx.flac. When you edit the postfix
you have to commit the changes with Enter.

3.3 P2P and D2P Settings

3.3.1 Format

Determines the output file format. The supported
formats are listed in section 13.1.2 of the appendix.

3.3.2 Dither

Determines which kind of dither should be applied
during word length reduction. Floating point out-
put formats (see number formats below) are not
dithered.

3.3.3 Number Format

Determines the number format of the output file.
For certain output formats some number formats
are not available. ogg files for example support Vor-
bis as number format only.

3.3.4 Gain during D2P

The gain during D2P conversion defaults to +6dB
because the SACD/DSD encoding’s maximal am-
plitude corresponds to -6dB in the PCM domain
(those -6dB are usually referred to as 0dB SACD,
see section C of the appendix).

Note 1 It must be payed attention though
when reinflating the amplitude back to 0dB
PCM because the DSD signal can contain
amplitudes greater than those -6dB PCM

3.4 P2D Settings

3.4.1 Format

Determines the output file format. Saracon Sup-
ports DSDIFF only at the moment.

3.4.2 Modulator Type

Determines the modulator which generates the one
bit stream. Three models are available CRFB6,
CRFB8 and CRFB10. The SNR (signal to noise
ratio) improves from CRFB6 to CRFB10 but the
sensitivity to overload (instability) increases as well.
The CRFB8 is a good choice because it is quite re-
sistant to overloads but provides more than 24 bit
resolution (SNR > 147 dB). The CRFB6 is the most

stable modulator and uses less CPU than the others.
The CRFB10 provides the best SNR with tradeoff
in stability and CPU, but for material which isn’t
compressed/limited to very high loudness (e.g. clas-
sical music) this modulator is the best choice.

3.4.3 Channel Mode/Channel Strings

DSDIFF files support certain predefined channel se-
tups. If the channel mode is set to Auto, Saracon
tries to match your channels to a predefined setup
(2 channels → Stereo, 5 channels → 5-channel sur-
round, 6 channels → 5.1 surround). If no default
setup is found, Saracon set the channel strings to
”CHxx” for channels 0 to 99 (xx corresponds to the
channel number) and to ”Cxxx” for channels 100 to
999.

For those who require different mappings Sara-
con provides the custom channel mode where the
user can set his own channel strings. Channel strings
are four characters long and must be separated by
a comma. Confirm with Enter. When in custom
channel mode all target files must have the same
number of channels and must match the channel
count defined by the custom channel strings.

3.4.4 Stabilizer

The stabilizer takes care of modulator overloads and
resets the modulator if a certain modulation level
is reached. This modulation level is defined by the
maximum modulation level as outlined in appendix
C.

3.4.5 Dither

The modulators can be dithered which reduces the
distortions. Due to stability issues modulators can
not by fully dithered but this dither is a good com-
promise.

Note 2 Note that dither reduces the max-
imum input amplitude. It is advisable to
reduce the conversion gain when enabling
the dither. A good value to start with is
-1.0 dB. The modulator resets can be con-
trolled within the log window when the sta-
bilizer is enabled (suggested) or within the
metering/history. If resets occur, the gain
must be reduced further.

3.4.6 Metering/History

Enable metering. If enabled the RMS of the input
signal, the modulation level at the modulator out-
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put and the number of resets can be monitored in
real time. See section 11 for more information.

If the Autosave History button is enabled the
modulation level history is saved automatically to
the destination directory. The file name is the same
as the first target file of the corresponding job with
a .mlh extension.

4 Conversions

A conversion is a process which is defined by a con-
figuration. Since batch modes can be employed a
conversion can consist of multiple independent jobs.

4.1 Job

4.2 Running Conversions

A conversion can be run when its configuration has
been determined to be valid. In the main window
this is reflected through the Convert button which
is enabled on valid configurations.

To launch a conversion, click the Convert-button
in the main window or the Process::Convert entry
in the main menu or hit the shortcut Ctrl+X. You
are probably prompted for file overwrites.

When successfully launched, the Convert-button
becomes the Pause-button.

Should a conversion exit because of an error, the
log window (6) will inform about the reasons.

4.3 Controlling and Conversions

Suspending a conversion can be useful to assign the
CPU-resources temporarily to another application.
Resuming returns the CPU-power back to Saracon.
You can suspend and resume conversions by clicking
the Convert/Pause/Continue button in the main
window (see figure 1), by clicking the Process::Pause/Con-
tinue item in the main menu or through the Ctrl+W
shortcut.

A conversion can be aborted by clicking the Abort
button in the main window, through the Process::Abort
main menu item or with the Ctrl+C shortcut.

The already computed data will be written to
the destination file(s) and the file will be closed
properly and will be a valid file which can be opened
with Saracon or other applications.

Note 3 If the processing buffer size is set
to large values a noticeable delay between
abortion an actual process termination can
occur because the current buffer will be fi-
nalized.

Figure 4: Super batch editor.

4.4 Conversion Progress

The progress of a conversion is displayed through
several indicators in the main window. Beneath the
progress bar which shows the progress of each job.
The status bar displays how many jobs are left. If
a super batch is processed, the amount of remain-
ing conversions is displayed as well. Some other
elements:

Elapsed: Elapsed time since the last sub-conversion
has been started.

Remaining: Estimate for the time required to com-
plete the current sub-conversion.

Speed: Current processing-speed in ”seconds of out-
put material” produced every ”real-time sec-
ond”.

Processed: Seconds of audio-data converted.

Unprocessed: Seconds of audio-data still to be
converted.

5 Super Batch

The Super Batch functionality allows the user to
group multiple configurations/conversions which are
then run all subsequently. With this tool the user
can keeps his workstation busy the whole night with-
out setting up and running multiple conversions.



8 Preferences 11

Figure 5: Saracon’s log window.

To set up a super batch, the user has to prepare
several configurations (even multiple of the same
mode, one of P2P, P2D, D2P), engage the super
batch mode in the main window (check the Super
Batch check-box), open the super batch editor by
clicking on the Edit button (or the main menu as if
you edit configurations) and add all prepared con-
figuration files to the super batch (use the Add but-
ton in the super batch editor).

The super batch conversion can then be run as
you would run a regular conversion.

6 Log-Window

The log window logs all runtime messages (events,
errors, summaries, confirmations, etc.). All log mes-
sages are logged to cout.log and cerr.log located
in <user account>/<application data>/Saracon

at run-time. When reporting bugs it makes sense
to attach these files to your report.

The log window can be opened and closed with
Ctrl+L or through the View::Show Log-Window main
menu item.

7 Drag and Drop

Source files for every conversion mode (P2P, P2D,
D2P) can be added to the currently active configu-

Figure 6: Saracon’s preferences dialog.

ration by dragging the files onto the main window
when the configuration editor is closed. If the input
files are not compatible with the current conversion
mode Saracon tries to find adequate mode.

When the configuration editor is open input files
can be dragged to it .

8 Preferences

8.1 Processing Buffer Size

Here you can set the approximate processing buffer
size in samples for each channel. Depending on your
system adapted adjustments can improve speed.

Note 4 In P2P mode the best buffer sizes
to start with are the largest buffer sizes.
In P2D and D2P mode start with smaller
buffer sizes.

8.2 Templates

Saracon’s preferences support the definition of tem-
plates for all types of configurations. The templates
will be loaded at application startup as default con-
figurations.

Note 5 Templates enable the user to
start with customized configurations each
time Saracon is launched what can elimi-
nate some time-consuming steps setting up
similar conversions.
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Figure 7: Saracon’s Signal generator.

8.3 Generating/Setting a Template

A template can be any configuration which has been
previously saved. Follow this guide to setup you
own template:

1. Select your conversion mode (P2P, P2D, D2P).

2. Open the configuration editor.

3. Set the output format options, postfix, output
folder. Even the input files can be set (if the
input is always the same).

4. Close the configuration editor by clicking Ok.
Do not confirm if you are asked to correct
inconsistencies in your current configuration
since you don’t want to run a conversion –
it’s just a template which doesn’t have to be
consistent.

5. Save this configuration at your preferred tem-
plate location.

6. Open Saracon’s preferences and set this con-
figuration as template for the mode you pre-
pared it for.

9 Signal Generator

Saracon contains a high precision test signal (sin-
gle tone sine) generator. In contrast to many other
implementations this test signal generator tries to

avoid all common digital design pitfalls (quantiza-
tion/dithering). Test signals in a vast variety of fre-
quencies, amplitudes and formats with an arbitrary
number of channels can be generated.

The generator renders its signals in double pre-
cision floating-point and uses TPDF-dither (flat di-
ther) when it quantizes the signal to the target num-
ber format.

To open the user-interface (shown in figure 7)
click the Tools::Signal Generator entry in the main
menu or use the Ctrl+G short cut. The signal gen-
erator is run by clicking Generate and can be can-
celed by clicking Stop.

The signal generator’s options:

File Format: Output file format (wav, aiff, au,
raw and DSDIFF (♣)).

Sample Rate: Sample rate of the test signal.

Number Format: Numeric format of the test sig-
nal (irrelevant for DSD output).

Length: Length of the test tone in seconds.

Amplitude: Amplitude of the test signal in dB full
scale (dBFS). Zero decibel equals full scale.
See the note below.

Frequency: Frequency of the test tone in Hertz.

# Channels: Number of output channels.

Note 6 The test signal is quantized to the
target format using a flat triangular di-
ther. If the test signal’s amplitude is set
to 0 dB clipping can occur because the di-
ther is added to the internally generated
test signal. This is especially important
during DSD generation (DSDIFF output
format): To high input levels can cause the
modulator to become unstable. Modulator
clips/resets are logged in the log window.
Therefore the default amplitude is set to -6
dB.

10 Command Line

Saracon can be operated from the command line.
This simplifies the use of Saracon in shell scripts for
automation purposes. The command line operation
can be divided in four fundamental modes

1. Run the signal generator

2. Run a conversion with command line argu-
ments
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3. Batch processing of configuration (*.src) files

4. Open the Saracon GUI but load the configu-
rations specified on the command line

You can always get help by running

Usage:

saracon -h

It can happen that this documantation is out of
sync with the application, so the command line help
is a more accurate source of information.

10.1 Signal Generator

The command line signal generator is run as follow-
ing

Usage:

saracon -s [options]

Whereas the [options] are explained here:

-q -s_freq Generator frequency in Hz.
-a -s_amp Generator amplitude in dB.
-l -s_len Generator signal length in sec-

onds.
-o -s_out Generator output file name.
-e -s_rate Generator sample rate in Hz.

Any when PCM output, one
of 2822400, 5644800 when DSD
output.

-m -s_format Generator file format, one of
{wav, rf64, mat, aiff, raw, au,
dff}.

-u -s_number Generator number format. One
of {16bit, 24bit, 32bit, float,
double}. PCM only.

-k -s_channels Generator number of channels.

10.2 Conversion

A conversion can be run directly from the command
line with

Usage:

saracon -c <mode> [options] <source files>

Whereas <mode> is the conversion mode, i.e. one
of {p2p, p2d, d2p}. The <source files> are the
audio files you would like to convert, e.g. *.wav or *.dff.
The [options] are explained in the following table

-r -rate Set target sample rate. One
of {44100, 48000, 88200, 96000,
176400, 192000, 352800, 384000}
for P2P and D2P, one of 2822400,
5644800 for P2D.

-t -target Set target directory.
-f -format Set target file format. One of {wav,

aif, rf64, sd2, mat, caf, raw, flac,
ogg} for P2P and D2P, one of dff
for P2D.

-n -number Set target number format. One of
{16bit, 24bit, 32bit, float, double,
vorbis}. P2P and D2P only.

-d -dither Set dither. One of {off, tpdf, powr1,
powr2, powr3} in P2P and D2P, one
of {off, tpdf} in P2D.

-g -gain Set conversion gain in dB.
-b -batch Set conversion batch mode. One of

{normal, smart, all, split}.

10.3 Batch-Processing of Configura-
tions

If you prepared several configurations within Sara-
con then you can process them from the command
line unsing the following syntax

Usage:

saracon -p <configuration files>

Saracon then processes each of the specified *.src

files one after the other.

10.4 Open Configurations

If configurations are passed on the command line
without any switch or option, these configurations
are loaded in Saracon’s GUI as with File::Open
Configuration.

10.5 Other Options/Switches

10.5.1 Regression Test Mode

Saracon can be set into a regression test mode which
ensures that dynamic data (e.g. noise generators
and time tags) generate always the same data inbe-
tween multiple program invocations. This is used
primarly for testing. The regression test is enabled
using the -R resp. the --regression switch.

10.5.2 Tolerant Mode

When Saracon is set to tolerant mode overwrites
and collisions are ignored and all command line con-
versions are processed even if existing files are over-
written or multiple input files generate the same
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output file. The tolerant mode is enable with the
-T resp. the --tolerant switch.

10.5.3 Log Message Verbosity

Saracon’s command line verbosity can be set with
the -V <level> resp. --verbose=<level> options.
<level> determines the level of verbosity and can
be one of {none, error, warning, all}. all enables
all output (default), warning enables warnings and
errors, error enables just errors and none disables
even error printout.

10.6 Requirements

To get Saracon’s command line working you have
to add the path to Saracon’s binary to your PATH

variable. This would be something like

C:\Program Files\Weiss Engineering\Saracon
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10.7 Examples

10.7.1 Signal Generator Example

This example generates ten seconds of 5.6448 MHz DSD (output as DSDIFF file) with a test-sine with
an amplitude of -6 dB and a frequency of 1 kHz.

>> saracon -s --s_format=dff --s_amp="-6" --s_len=10.0 --s_rate=5644800

{17:30:33.906} Initializing...

{17:30:33.906} Signal generator.

Frequency: 1000Hz

Length: 10s

Amplitude: -6dBFS

Sample rate: 5644800Hz

Format: DSDIFF

Target path: test-signal-(1000.0Hz-5644800Hz-10.0s).dff

{17:30:33.906} Generating...

{17:30:46.187} 10%

{17:30:58.046} 20%

...

{17:32:21.890} 90%

{17:32:33.828} 100%

{17:32:33.828} Done.
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11 Modulation Level History ♣
The Modulation Level History is a graphical tool to
monitor P2D conversion processes to find the right
gain settings for the modulators. It can be enabled
in the P2D configuration (see section 3.4.6) and is
shown in figure 8.

The history is persistent and can be inspected
after completion of the conversion and the conver-
sion’s settings can be adapted according to the his-
tory. Histories can be saved and loaded later on
again.

The modulation level has a reduced resolution to
avoid unnecessary amounts of data. A single point
in the history corresponds to frame of 65536 DSD
samples (bits) which equals 0.02322 seconds.

11.1 Graphs

The following parameters are monitored:

11.1.1 Modulation Level

The maximal modulation level during a frame (for
definition of the modulation level please refer to sec-
tion C). The modulation level is an indicator for the
load of the modulator and its instability. The mod-
ulation level is displayed in dB SACD. The +3.1dB
SACD is the maximum modulation level allowed.
When resets are enabled the modulators are reset
at modulation levels higher than 3.1dB SACD.

11.1.2 Modulator Input Level

The maximal RMS modulator input level during a
frame. The modulator input level is displayed in
dB SACD and shows the maximal levels appear-
ing at the input of the modulator after the upsam-
plers. Different modulators have different maximal
allowed peak levels (see Modulators) for their in-
puts.

Note 7 Since the up-sampling process
(prior to the modulation) removes out-
of-band signals, higher levels than at
the up-sampler-input can appear. Of-
ten this is the case when heavily lim-
ited/compressed/clipped files are con-
verted, since higher-frequency-”flat top”
signals contain out-of-band information.

11.1.3 Reset Count

The number of resets during a frame. This infor-
mation is not shown as graph but as bar growing

Horizontal Zoom Bar

Vertical Zoom Bar

Graph Legend

Channel ID

Time Line

Level Indicators

Figure 9: Modulation Level History display ele-
ments

from top to the bottom.

11.2 Window Elements

11.2.1 Channel ID

The Channel ID (see figure 9) identifies the in-
put channel which is displayed in the corresponding
plot.

11.2.2 Time Line

The time line (see figure 9) indicates the time in the
Modulation Level History. The indicator is placed
at every vertical grid line and indicates the time ex-
actly at this position in the form [minutes]:[sec-
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Figure 8: Modulation level history.
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onds]:[milliseconds]. The resolution depends
on the horizontal- (X-) zoom.

11.2.3 Level Indicators

The level indicators and the vertical- (Y-) zoom
are arranged such that the top region (0 and 3.1
dBSACD) are always in the plot, since only the
peaks are of interest. The level indicators adapt
them selves to the vertical- (Y-) zoom.

11.3 Loading Histories

To open an existing modulation level history (e.g.
from a prior conversion), click File::Load History in
the Modulation Level History menu.

11.4 Saving Histories

You can check a check-box in the output tab in the
P2D configuration editor to automatically save of
the history at the end of a conversion – see sec-
tion 3.4.6. To save a history manually, go to the
Modulation Level History window menu and click
File::Save History As or File::Save History.

11.5 Scrolling

Turning the Mouse-Wheel without any modifier key
just scrolls the history. Dragging the scroll bar
scrolls as well.

11.6 Horizontal Zoom

To zoom horizontally, keep the Ctrl -key pressed and
turn the Mouse-Wheel. Turning upwards zooms in,
downwards zooms out.

Zooming with the mouse wheel is quantized to
larger steps. If fine adjustment is needed, you can
click into the horizontal zoom-bar (see figure 9) in
the plot window and drag the zoom-bar.

11.7 Vertical Zoom

To zoom the amplitude range, keep the Ctrl and
Shift-key pressed and turn the Mouse- Wheel. Turn-
ing upwards zooms in, downwards zooms out.

Like the horizontal zoom also the vertical zoom
can be fine-adjusted if needed. Click into the ver-
tical zoom-bar – see figure 9 – in the plot window
and drag the zoom-bar.

Figure 10: ”Find Maxima” dialog.

11.8 Graph Control

It is possible to enable and disable each graph in-
dependently. To enable/disable a graph click the
menu item View and the corresponding sub-item.
The corresponding sub menu item reflects the cur-
rent state (you can take a look here to check for
instance if the ”number of resets graph” was dis-
abled or no resets occurred at all). The graphs can
be identified using the graph Legend – see figure 9:

Red: Maximal Modulation Level

Brown: Maximal Input Level

Yellow: Number of Resets

11.9 Finding Maxima

This function searches all graphs of all channels for
their maximal values. This function can be found
in the menu under Tools. From release 1.5 on this
dialog supports refresh during conversions (click the
Refresh-button).

11.10 Hiding the History

The modulation level history can be hidden without
loosing the current data until a new conversion has
been launched or a history has been loaded from file.
To hide a Modulation Level History click File::Hide
Window in the modulation level history.

11.11 Experience

Using Saracon’s P2D conversion in conjunction with
the Modulation Level History will require some ex-
perience to get the right feeling for the relations be-
tween input material, gain, input level, modulation
level and resets. The best training is to experiment
with a lot of different material, settings. Select some
short sources and just start some conversions and
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take a look at the graphs and try to predict the
behavior.
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12 Licensing

To protect the intellectual property of Weiss Engi-
neering LTD and avoid redistribution the Saracon
is protected by a hardware-dongle. The protection
system supports different licenses:

Standard: Saracon supports all PCM functional-
ity but no DSD functionality.

DSD: The whole functionality of Saracon is at your
service.

12.1 Updating Licenses

Figure 11: License updating interface.

The license update system of Saracon allows
change of the licensing mode without installing/un-
installing anything and even without restarting the
application. This functionality can be accessed from
the main-window menu by clicking Edit::License and
a dialog as shown in figure 11 will appear. The
modification of the licensing information – which is
saved in the internal memory of the dongle – re-
quires two steps:

1. Reading the licensing information from the
dongle: To generate an updated memory im-
age of your dongle Weiss Engineering needs
the former state of the dongle. Therefore the
information must be extracted by perform-
ing the Read Dongle-procedure. The result
will be a customer to vendor (c2v) file which
has to be sent to Weiss Engineering LTD (per
email or on a floppy using ”snail-mail”).

2. Burning the updated licensing-information into
the dongle: When you received the license-
update (a vendor to customer (v2c) file), you

upload it into the dongle by using the Update
Dongle-procedure. Your new license should
become active instantly. In certain cases (i.e.
downgrading) a new c2v-file will be gener-
ated. This file contains the new state of the
dongle (including a time-tag) and proves the
downgrade. It is located in the same folder as
the v2c-file and has a ack-postfix.

All data transferred between the dongles/keys and
all parties (you and Weiss Engineering LTD) is en-
crypted and can be decrypted only at our factory or
in your dongle and will not be readable by anyone.
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13 Technical Data

13.1 PCM to PCM Technical Data

13.1.1 Sonic Performance

Table 1 lists the THD+N (Total Harmonic Distor-
tion plus Noise) of all possible PCM to PCM conver-
sions, measured under the following test conditions:

� Not weighted.

� A dithered, 32 bit fixed point, 1kHz test tone
converted to a dithered 32 bit fixed-point out-
put.

� 216 samples, not averaged.

� Chebychev window, -300dB side-lobe attenu-
ation.

When converting to 24bit precision data formats
(i.e. 24bit fixed-point and 32bit floating-point) and
lower (16 and 20 bits) the degradation in compari-
son to a 24 bit test signal will not be measurable.

Figure 12 shows plots of two conversions6 with
the following properties:

� Coherent double precision test signals

� 214 FFT size

� No window

� 50 times averaged

� THD measured with Chebychev window with
300db side-lobe attenuation

� Output TPDF dithered

13.1.2 PCM to PCM Features

Files and Channels:
Unlimited number of files.
Unlimited number of channels per file.

Input/Output sample rates:
{44.1kHz, 48kHz, 88.2kHz, 96kHz, 176.4kHz,
192kHz, 352.8kHz, 384kHz }

Input/Output numeric formats:
16/20/24/32-bit fixed-point
32/64-bit IEEE floating-point

6Plots of all conversions are available. If you like to get a
copy, please contact Weiss Engineering.

Input/Output file-formats:
Microsoft-Wave (*.wav),
Sonic Foundry w64 (*.wav),
Audio Interchange File Format (*.aiff),
Sun Audio (*.au),
Broadcast-Wave (BWF),
Sound Designer II (sd2),
Apple Core Audio Files (caf),
Ensoniq PARIS audio file format (paf),
Matlab 4 and 5 files (mat),
.L/.R,
.1/.2,
Header-less raw audio files (*.raw)7

Dithering/Re-quantization modes:
Triangular Probability-Density-Function Noise
Dithered (TPDF)
Powr 1 (high-pass-shaped noise dither)
Powr 2 (dithered, noise-shaped quantizer)
Powr 3 (dithered, noise-shaped quantizer)

13.2 PCM to DSD Technical Data ♣
13.2.1 Sonic Performance

Table 2 lists the THD+N (Total Harmonic Distor-
tion plus Noise) of PCM to DSD conversions using
the CRFB8V2 and CRFB10V2 modulators, mea-
sured under the following test conditions:

� Not weighted.

� The input is a dithered, 32 bit fixed point,
1kHz test tone.

� 216 samples, not averaged.

� Chebychev window, -300dB side-lobe attenu-
ation.

Figure 13 shows plots of two conversions using two
different modulators.

13.2.2 PCM to DSD Features

Input sample rates:
44.1kHz
48kHz
88.2kHz
96kHz
176.4kHz
192kHz
352.8kHz
384kHz

7output only
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Figure 12: Spectra of PCM to PCM conversions of a coherent 1kHz test tone (sine). Top: 44kHz double
precision to 96kHz double precision, Bottom: 96kHz double precision to 44kHz double precision.
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Figure 13: Top:PCM to DSD conversion of a 1kHz test tone at a sample rate of 96kHz to DSD
(2.8224MHz, 1 bit). Bottom:DSD to PCM conversion of a coherent 1kHz DSD test tone (generated
from a 352.8kHz source to DSD using Saracon’s CRFB10V2 modulator).
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↓ From � To → 44.1 48.0 88.2 96.0 176.4 192.0 352.8 384.0

44.1 -189.0 -189.0 -189.2 -190.0 -190.0 -190.4 -191.4
48.0 -188.8 -180.8 -189.5 -189.9 -190.1 -183.6 -190.5
88.2 -191.2 -190.2 -190.1 -190.1 -190.0 -190.5 -190.5
96.0 -190.0 -190.4 -179.6 -190.5 -190.5 -190.3 -190.7

176.4 -190.7 -191.2 -191.3 -187.9 -191.9 -192.0 -192.1
192.0 -190.8 -191.1 -179.6 -183.2 -183.7 -192.4 -192.5
352.8 -191.1 -187.1 -191.9 -188.1 -192.9 -189.2 -193.9
384.0 -191.1 -191.7 -179.7 -192.4 -184.8 -192.4 -185.2

Table 1: THD+N (in decibel) of all PCM to PCM conversions (input 32bit fixed point, output 32bit
fixed point).

Input numeric formats:
16/20/24/32-bit fixed-point
32/64-bit IEEE floating-point

Input file formats:
Microsoft-Wave (*.wav),
Sonic Foundry w64 (*.wav),
Audio Interchange File Format (*.aiff),
Sun Audio (*.au),
Broadcast-Wave (BWF),
Sound Designer II (sd3),
Apple Core Audio Files (caf),
Ensoniq PARIS audio file format (paf),
Matlab 4 and 5 files (mat)

Output file formats:
DSDIFF (*.dff)

Upsample filter modes:
Smooth (Slow transition-band and therefore
less pre-echo)
No Aliasing

Modulators:

Source CRFB8V2 CRFB10V2

44.1 -147.2 -159.4
48.0 -147.0 -159.8
88.2 -147.0 -159.6
96.0 -147.2 -159.4

176.4 -147.2 -159.3
192.0 -147.1 -159.5
352.8 -147.4 -159.9
384.0 -147.5 -159.5

Table 2: THD+N (in decibel) of PCM to DSD
conversions using interpolating ∆Σ-modulators
(CRFB8V2 and CRFB10V2).

Interpolating DS:
CRFB8V2 (8th order IIR noise-shaper
without phase distortion).
CRFB10V2 (10th order IIR noise-shaper
without phase distortion).

Other:
Dithering option for modulators
Stabilization option for modulators
Monitoring via log-window or modulation-level-
history.
Ganging of multi-channel settings
Free input-channel to output-channel routing

13.3 DSD to PCM Technical Data ♣
13.3.1 Sonic Performance

Table 3 lists the THD+N (Total Harmonic Distor-
tion plus Noise) of some DSD to PCM conversions,
measured under the following test conditions:

� Not weighted.

� The input is a dithered, 32 bit fixed point,
1kHz coherent test tone converted to DSD
with Saracon’s CRFB10V2 modulator.

� 216 samples, 8 times averaged.

� No window.

Figure 13 shows plots of a DSD conversion to 48kHz.
The sonic performance

13.3.2 DSD to PCM Features

Input sample rates:
2.8224MHz
5.6448MHz

Input file formats:
DSDIFF (*.dff)
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Output sample rates:
{44.1kHz, 48kHz, 88.2kHz, 96kHz, 176.4kHz,
192kHz, 352.8kHz, 384kHz }

Output numeric formats:
16/20/24/32-bit fixed-point
32/64-bit IEEE floating-point

Output file-formats:
Microsoft-Wave (*.wav),
Sonic Foundry w64 (*.wav),
Audio Interchange File Format (*.aiff),
Sun Audio (*.au),
Broadcast-Wave (BWF),
Sound Designer II (sd2),
Apple Core Audio Files (caf),
Ensoniq PARIS audio file format (paf),
Matlab 4 and 5 files (mat),
Header-less raw audio files (*.raw)8

Dithering/Re-quantization modes:
Triangular Probability-Density-Function Noise
Dithered (TPDF)
Powr 1 (high-pass-shaped noise dither)
Powr 2 (dithered, noise-shaped quantizer)
Powr 3 (dithered, noise-shaped quantizer)

13.4 Speed Benchmarks

Here are some trivial Benchmarks conducted with
the Saracon 1.60-14 release on the following three
platforms:

A: Win XP 2GHz Core 2 2GB RAM

B: Mac Mini 1.8GHz Core 2 Duo 1GB DDR2 SDRAM

C: Mac Powerbook G4 1.5 GHz 1.5 GB RAM

The buffer sizes – which can be set in src’s prefer-
ences – were set to:

8output only

Target THD+N

44.1 -158.9
48.0 -158.9
88.2 -158.8
96.0 -158.9

176.4 -159.7
192.0 -158.5
352.8 -158.7
384.0 -159.0

Table 3: THD+N (in decibel) of DSD to PCM con-
versions.

P2P 51200
P2D 8000
D2P 8000

The results are summarized in tables 4 and 5.

From To A B C

44.1 176.4 16.0 10.0 4.39
176.4 48.0 10.3 10.8 5.58
176.4 44.1 20.5 10.0 2.66
44.1 192.0 10.3 8.99 3.97

176.4 DSD 2.82 0.95 0.50
DSD 176.4 0.80 0.35 0.10

Table 4: Saracon 1.60-13

From To A B C

44.1 176.4 26.5 25.5 4.79
176.4 48.0 11.3 10.5 4.28
176.4 44.1 34.7 33.8 5.21
44.1 192.0 13.7 14.7 3.96

176.4 DSD 2.60 2.25 0.57
DSD 176.4 1.88 1.80 0.23

Table 5: Saracon 1.60-14 beta

Conversion speed values are for 2 channel stereo
relative to real time. A value 1.88 means that the
conversion runs 1.8 times faster than a real time
playback or process. This value will drop of course
for more channels and will increase for less channels.

Sometimes a restart of a conversion can result
in a faster conversion because the operating system
reschedules all newly spawned processes.

13.5 Multiprocessor Support

All major processor manufacturers are currently switch-
ing from clock frequency increase to parallel pro-
cessing by means of replicating the number of pro-
cessor cores on one chip. This feature can only be
exerted by specially adapted software which can
distribute the processing load onto several cores.
For Saracon 1.5 multiprocessor support has been
added. This guarantees you an efficient use of new
hardware.

13.6 System Requirements

13.6.1 Windows

� Intel Pentium 4 Processor

� Windows 2000 or XP
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� 256MB RAM (recommended)

� Screen Resolution of 1024x768 (recommended)

� One USB port for Dongle

� Proper installation of the Acrobat Reader
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A Installation

A.1 Windows

Installer System

From release 1.5 on Saracon features a new installer
system for Windows operating systems. The new
installer has the following new features:

- Version detection. If (already installed) older
or newer versions are detected they can be re-
moved safely without manual de-installation.

- Repair. The installation of Saracon can be
fixed if anything has gone wrong since the last
installation.

- Fast turnaround due to completely new build
infrastructure at Weiss. This makes updates
extremely fast to implement and easy to man-
age.

- Different install modes selectable. The user
can now select the components which will be
installed (for instance the driver for the don-
gle can be unchecked if it has been installed
already with previous versions of Saracon).

Procedure

A

Note 8 Do not plug the dongle before the in-
stallation has been completed. Plugging the
dongle without drivers installed can lead to
problems during the plug-and-play recogni-
tion.

Locate the installer executable which you re-
ceived from the distributor, from us or downloaded
from the internet. Run this file and follow the in-
structions. If you have installed the HASP USB
driver already (because you installed Saracon pre-
viously) you can un-check it from the installer tasks.

Once the installation process is completed, the
system is ready to recognize the dongle. Plug it
into a free usb-port. The operating system should
recognize the dongle without any error as Aladdin
HASP/USB Key or similar.

If the dongle contains a valid license, you should
be able to invoke Saracon (either from the start
menu or desktop – if shortcuts where installed).
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B Release Notes

B.1 1.50

April 2007

B.1.1 Incompatibilities

The 1.5 Release differs from previous versions. In
most cases this does not influence the workflow but
the configuration files (*.src) of previous versions
are incompatible to the configurations used in 1.5.

B.1.2 New/Changed Features

Macintosh OS X version:
Saracon is available for Macintosh computers
from now on. It features exactly the same
functionality as the Windows releases.

Multiprocessor support:
Multi CPU/core support has been added. See
section 13.5.

Supported file types:
The number of input (PCM to PCM and PCM
to DSD) and output (PCM to PCM) file types
has been increased.

Recent configurations:
The 10 most recent configurations are now di-
rectly accessible through the main menu. See
section 3.

Templates:
The user can now define templates for default
configurations loaded at application startup.
See section 8.2.

Command line mode:
Saracon now supports a (non GUI) command
line mode – see section 10.

Drag and Drop:
Support for adding source files through drag
and drop, see section 7.

Split/Merge in P2P
The target can now be re-channelized. The
Split mode creates one file for each channel in
each input file, the Interleave mode collapses
all channels of all input files into one output
file.

Flush Configuration
The currently active configuration can be flushed
to default values (empty) from Saracon’s main
menu (see section 3.1).

Installer system on Windows:
See section A.1.

Multi-selection of files:
When opening input files in PCM to DSD and
PCM to PCM configuration editors now mul-
tiple files can be selected at once and an un-
limited number of files is supported.

Postfix renaming mode:
The behaviour of the postfix renaming mode
for PCM to PCM conversions has been changed
such that also a different output folder can be
defined and postfixes can be generated auto-
matically..

Find maxima dialog:
The find maxima dialog of the modulation
level history has been reworked – see section
11.9.

Log window:
The log window messages have been improved
to print out more useful information.

Remove PCM files:
Multiple or all PCM files can now be removed
from input section in the P2P configuration
editor at once and in a more convenient way.

.1/.2 and .L/.R files
When adding a .1/.2 or .L/.R file all other files
with the same filename trunk get added au-
tomatically. Furthermore the output file type
is preset to the input file type. When in split
mode, .1/.2 and .L/.R files can be generated.

”Dither Off” option
Additional to all dither options the output di-
ther can be disabled now (for instance when
no sample rate conversion is performed and
the output resolution is higher than the input
resolution).

Standard Mode
The features of Saracon standard are extended
to full functionality in P2P mode.

B.2 1.60

September-December 2007

B.2.1 New/Changed Features

D2P Mode:
Saracon supports now conversion from DSD
to PCM (D2P).
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Custom channel configurations for P2D:
Saracon() supports now arbitrary channel con-
figurations for P2D conversions.

More internationalization on Mac: The inter-
nationalization on Mac has been improved (sup-
port for uncommon characters in file names
etc.).

Improvement for SD2 file support: The SD2 file
support has been massively improved.

Support for .1/.2 files: The .1/.2 AIFF files pro-
duced by SoundBlade are now supported.

B.3 1.60-13

May 2008

B.3.1 New/Changed Features

Conversion Gain:
The user can now set a conversion gain. It
defaults to a save value which should avoid
clipping in the quantizer due to sample rate
conversion filter ringing. This safety gain can
be avoided if you first sample rate convert to
a high resolution output format (e.g. 32bit)
with enough headroom and normalize the re-
sult and then perform the final requantization
to your target resolution (e.g. 16 bit).

.2/.4/.5/.6/.7/.8 File Support:
Sonic Studio SoundBlade .3 .. .8 files are sup-
ported and handled as multichannel source
files (which means that Saracon searches for
other channels to add).

Different Source Rates:
Noninterleaving (Split, Normal) batch conver-
sions in P2P with different source sample rates
are supported now.

5.6448MHz DSD Support in D2P:
5.6448MHz DSD sample rate is now supported
in D2P conversions.

ABSS Chunk in DSDIFF files:
This chunk is now filled with zeros to avoid
problems w/ third party tools.

B.3.2 Bug Fixes

Channel Order in P2P Interleaving:
When adding multichannel files (.L/.R) were
added to a P2P conversion setup they were
added in the wrong order.

Click at End of Conversion:
There was the possibility for a click at the end
of the target file if the file was shorter than the
conversion buffer size.

Disk space query failure:
Diskspace Query Failed for non ASCII Char-
acters. This prevented certain conversions from
running.

BWF Time Reference Transfer:
BWF time references were not transfered prop-
erly in P2P conversions.

B.4 1.60-14

December 2008

B.4.1 New/Changed Features

Optimizations:
The natural factor sample rate conversions on
Intel platforms have been hand optimized.

Manual:
Finally the manual received its deserved up-
date.

Drag and Drop:
Improved drag and drop behavior. Saracon
is now asynchronous to the drag source and
releases it immediately after adding the files.
A little bug in the D2P configuration editor
has been fixed.

Large File Handling in D2P:
The handling of large files in D2P conversions
has been improved. Saracon now complains if
the target format is not suitable for a certain
amount of data. Furthermore the target disk
space check has been added to D2P as well.

B.4.2 Bug Fixes

Multi CPU:
The multiprocessor handling has been improved
and some false detections of multi-CPU sys-
tems are now history. Because of Saracon’s
multi threaded architecture the processing load
will be distributed on all CPUs available (the
quality of this distribution depends only on
the capabilities of the operating system).

B.5 1.61-17 (Beta)

September 2009



30 Contents

B.5.1 New/Changed Features

� RF64 file format support

� FLAC support

� Smart interleave batch mode (interleave files
based on their file names)

� Batch modes for all conversion types

� 5.6448 P2D support

� New and more intuitive/consistent GUI

� Ogg/Vorbis support (preliminary)

� DSD signal generator

� Multiple signal generators at the same time

� Super batch (a batch of multiple conversions)

� Low order delta sigma modulator for P2D (CRFB-
6)

� P2D and D2P can now retain time stamps
when using DSDIFF and BWF as IO

� Gain always available even during requantiza-
tions.

� Command line operation supports now mostly
Saracon’s complete functionality

� Native Leopard builds

� Dropped support for OSX 10.4 (Tiger)

B.5.2 Bug Fixes

� GUI lock at small buffer sizes resolved

B.5.3 Incompatibilities

The 1.5 Release differs from previous versions. In
most cases this does not influence the workflow but
the configuration files (*.src) of previous versions
are incompatible to the configurations used in 1.5.

B.6 Known Issues

None at the moment.
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C SACD Specifications ♣
This is an excerpt from the Philips Super Audio CD
(SACD) System Description (Scarlet-Book), An-
nex D, Audio Signal Requirements Normative, ©
by Royal Philips Electronics, March 2003.

C.1 Audio Level measuring condit-
ion (D.1)

SACD Audio levels must be measured after a 50
kHz Butterworth 30 dB/Oct low pass filter.

C.2 Zero dB Audio Reference Level
(D.2)

The SACD Zero dB Audio Reference Level, re-
ferred to as 0dB SACD, corresponds to a sine wave
with a peak amplitude equal to 50% of the theoret-
ical maximum DSD signal level.

C.3 Maximum Audio Peak Level (D.3)

The maximum SACD audio peak level is deter-
mined by the maximum allowable DSD modula-
tion level. The DSD Modulation Level is equal to
‖28−2·N‖

28 , where N is the number of bits set to one
within any 28 consecutive bits of the DSD stream,
and 4 ≤ N ≤ 24 . The maximum allowed value of
the DSD Modulation Level is 20/28. A DSD Modu-
lation Level of 20/28 corresponds to the maximum
SACD Audio Peak Level of +3.10 dB SACD. Peak
signal levels above +3.10 dB SACD are not allowed.

C.4 High Frequency DSD Signal and
Noise Level (D.4)

The accumulated RMS signal + noise level of the
DSD signal, measured after a 40kHz Butterworth
30dB/Oct high pass filter and a 100kHz Butter-
worth 30dB/Oct low pass filter, is maximally equal
to the RMS level of an input sinewave with a peak
amplitude of -20 dB SACD (see D.2). The averag-
ing filter used to calculate the RMS level must be
a first order unity gain IIR filter with a coefficient
of 1/524288 (2−19), corresponding to an IIR filter
with a cutoff frequency of about 0.85Hz.
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D FAQ

Question 1 Is it possible to convert multi channel
projects with Saracon by processing for instance 5
mono files separately? Can I expect to maintain
sample accurate sync if it is done in 5 subsequent
processes?9

Answer 1 Sample accurate sync is guaranteed (in
the filters and all other structures containing de-
lays). So you don’t have to worry when processing
surround material with Saracon in separate pro-
cesses.

Question 2 What format SD2 files need to be in
for it to work on a PC?10

Answer 2 The SD2 files are based on the old Mac-
intosh file system which has a so called resource fork
which keeps file information in addition to the data
saved in the data/main fork. Since most other file
systems (e.g. NTFS or FAT) do not support a re-
source fork, this information must be saved in a
separate file.
Saracon on on Wintel PCs handles this by read-
ing/writing to a file with the same file name as the
source/target file but with a ._ prepended. For in-
stance a file called trio-from-hell-live.sd2 on
Macintosh consists of trio-from-hell-live.sd2

and ._trio-from-hell-live.sd2 on Windows.

Question 3 How do I up- or downgrade the Sara-
con license?

Answer 3

1. Get into contact with your distributor or Weiss
Engineering directly.

2. Weiss Engineering will send you a file which
contains the encrypted dongle update data
which will be written to the dongle in the sub-
sequent steps.

3. Run Saracon.

4. Select from the main menu Edit::License to
open up the license editor (see sction 12).

9Carl Talbot
10Jeff Lipton

5. Select the Write button from the Update Key
Information section and pass the file which
has been send to you by Weiss Engineering.

6. Then click the Read button from the Get Key
Information section, choose a destination (for
instance the desktop) and save the new file
which has the c2v extension.

7. Send the file created during step 6 back to
Weiss Engineering that we can verify that the
up- or downgrade was successful.

Question 4 Why are the resultant files ”x” samples
longer than the originals? There are ”y” samples
added to the front and ”z” samples added to the back.

Answer 4 Answer 4 The additional samples are
because of the FIR filters used in Saracon. They
add samples to the original file. Of course we could
truncate the samples, but it would not be the proper
way. All filters have at least a post-ringing (”z”), so
they add samples to the end. Linear phase filter
have also a pre-ringing (”y”), so they add samples
at the beginning as well.

Question 5 How do I pronounce Weiss?

Answer 5 The ”W” as in winter and the ”eiss” as
ice.

Question 6 What can I do when I’m really happy
with this Software?

Answer 6 You can send the developer a copy of
the audio you mastered with it!

Question 7 From what I understand, when you sam-
ple rate conversion there is an upsampling of the
material to the least common multiple of the two
rates in question. If that’s true does not it mean
that there is no sonic advantage between converting
88.2 to 44.1 vs. 96 to 44.1?11

11Barry Wood
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Answer 7 Upsampling to the least common mul-
tiple is required for rational sample rate conversion
only (sample rate conversion with a non integer fac-
tor). For integer conversions you can convert di-
rectly to the target sample rate. This is valid for
both upsampling and downsampling. But: There
are many options for those processes. For instance
the quality oft the sample rate conversion filters
(anti aliasing and anti imaging filters) suffer from
extreme rate differences, i.e. they collide with the
numerical precision of the CPU. Therefore and for
speed improvements it makes sense to split up the
conversion in certain cases.

Regarding the sound quality: This depends strongly
on the algorithms. You can get the same sound
quality in frequency domain (images and aliasing
artifacts well below the quantization noise floor)
for both. Saracon for instance is designed this way.
There might be a higher CPU load though. In other
products this effect can lead to CPU load optimized
designs on which it is possible that 96/44.1 conver-
sions sound different than their 88.2/44.1 equiva-
lents. And: The difference between source and tar-
get rate has an influence on the filter cutoff slopes.
Therefore upsampling to a higher intermediate rate
(rational conversion) has disadvantages compared
to a direct (integer) conversion when it comes to
time domain effects (filter ringing and preecho) which
are not so easy to compensate for.
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