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1 - Introduction

1-INTRODUCTION

WHAT IS SMAART?

Rational Acoustics Sma@its a dualchannelreal timeg FFThasedaudio analyzer software application that

enables you to measure and analyze the frequency content of audio signals, study the timing and response of
sound systens and audio devices, and perform basic sound level measurefBeing a software application,
Smaart is hardware independent and can process signals from nearly any audio device connected to your
computer, which allows the flexibility to scale across denrariety of field measurement and analysis
applications.

Smaartis available in four basic versions with different functionaBuite,RT, LE, and SPL.

1 SmaartSuiteis the flagship edition cdmaart, containing all three functional modes (Reaie,
Impulse Response, and SPL).

 SmaartR® dwS | f {¢CYAY SNl a@An@Rrdatinie FFT analysis toolset thalsoincludes a
host of advancedunctionsand mathematicalparameters

f SmaartLEG a [ A 3 K (iis DsRamlihed yeésion of the ReEime toolset thabffers the samecore
functionsandinput/output capability as RT, withowtccess to some of the more advandedctions
andmeasurement parameters

 SmaartSPO2 y (| Ay a §oMhid présiute fevefmuabitoring, logging and reportiogs.

Smaart LEsdesigned to provide all the essenttabls and functions fomodernrealtime sound system
measurement and alignment workflowghile maintaining an approachable and intuitive interfaltds closely

aligned withthe Rational Acoustics training curriculum and school of thought on sound system measurement,
FYR Fa &adzOK OFly 06S O2yaARSNBR (GKS GSOSNRBIUKAY3A &2dz

WHAT IS THIS GUIDE?

This guide is arpctical introduction to configuring and operating SmalaetOur goals are to provide a
comprehensive explanation of the program and its features and operation, along with a brief survey of some
of the core concepts related to acoustic measurement andyaisiFor anyone interestedh learningmore

about sound system engineering or acoustic measurement, a lesddifional resources is provided in the
appendices.

We begin with the assumption that the reader has a basic understanding of professionid agdipment,
engineering practices, arglgnal and system analysis, and fooasthe configuration and navigation of
SmaartUsers familiar with Smaart y&maart Di vyr previous versions will be able to quickly get up and
running with Smaart LEor those seeking to gain familiarity with the Smaart ecosystem and/or measurement
concepts in general, an explorationfohdamental concepts and terminology can be fourartng in Chapter

4,

As this user guide is an electronic document, in addition to the Table of Contents, the user can use a full text
search to quickly locate any keywords of interests. In most PDF reddersgarch function can be activated
by using the keyboard shortc{@rl/Cmd] + [F]

SmaartLEUser Guide 7 Releas®.1
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' bhe¢9 ! .h'¢ {al!lweQ{ 19[t CL[9{

Smaart includes a comprehensive set of help files, which can be accessed from within the pogglanking
HelpintheLIN2 3N} YQa YSydz 6F NJ 6F2dzyR G GKS (2L 2F GKS YIFAy 1
systems or across the top of the display on macOS computdits@se helpfiles contain a concise reference for

features and functions withiSmaart andareintended as a companion to this user guidée helpfiles and

this user guide contain much of the samaterial butorganized in different ways. While this guidigempts

G2 3ANRdzL) AYF2NXIGAZ2Y O2y OSLlidzl t f e (GKS KSfLFAfSa I NB 2
Fft2¢ @2dz (2 |1jdzA O f & didldydakd ofiscréed dogtrdls td findiEhar okl arelGokinza =

for.

HOTKEMYAND MOUSE CLINOTATION

Since Smaart liins on both Windows and macOS, there are some minor differences in keyboard commands
between the two versions. Specifically, the Control [Gtel} in Windows serves the same purpose as the
Command [Cmd] key amacOS$and the [Alt] key in Windows is equivalent to the [Option] keyn@acOS

Ly (GKAa R20dzySyidz 6SQftf 6NARGS GKS ylIYySa 2F {(Seéea dzaSR ¥
where Mac and Windows have different key names, both names will appear inside the brackets separated by a

slash. For example, [Ctrl/Cmd] means the [Ctrl] key on Windows or the [Cmd] kegaDSAs regards the

mouse, éft-click on Windowss a regular mase click ormacOSA rightclick for Windows users means [Ctrl] +

click onmacOS

FULL SCALE (DBFS) VERSUS FULL SCALE

There exist twacompetingreferences for decibels in digital audio signals. Once convention references dBFS to
the largestpossibleamplitude value in a digital systensuch that 0 dBFS denotes the maximum possible
digitalamplitude valu® 2 S NBFSNJ (2 GKA& & ay2N¥FfAT SR CdzZt {OFfSa

The second convention, preferred by the Audio Engineering Society (AES), references 0 dBR® &y dhee
of afulkscale peako-LIS| | aAy Séglt @S O0ADPSd ndrnantm y2N¥NIEEAT SR Cdzt {O
Cdzft £ { OF f So¢

In Smaart, Full Sadecibel values are always referedde normalized full scale, meaning that the RMS level
of a fulkscale digital sinewave {8.01 dBFS.

GETTING ®RTED

To get started, you will need to install Smaart onto your computer and license the installation.

MY.RATIONALACOUSTICS.COM

The online account portal ay.rationalacoustics.coris the centralized location by which Smaart software

f AOSyaAy3a A& YIylFI3aISR® LT &2dz R2yQid | f NBFIRe KIF@S Iy 00
your new Smaart license by clicking thelJLINR2 LINA | 6 St & yIF YSR awS3IAaGSNI I ySeg (Y
Account Details page.

You can also manage existing licenses, upgrade licenses and add installs, and download installers for macOS
and Windows computer<lick theDownloadgab in the navigtion bar to accesdownloadable installers for

SmaartLEUser Guide 8 Releas®.1
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1 - Introduction

all the versions of Smaart that are registered to your accpbath for Windows ananacOSTake care to
download the appropriate version.

INSTALLING AND ACTIVATING

Oncethe installer is downloaded, run itnd follow the promptsSmaartlicenses are either Perpetual or
SubscriptionPerpetual licenses can be activated online or offline, while Subscription licenses can only be
activated online More detailed information about the activation process can be found in the Licensing Guides
that appear in theDocumentationsection of the support portal at RationalAcoustics.cdhyou require

assistance with the licensing process, please contact Ratfcoustics support.

ONLINE ACTIVATION (PERPETUAL OR SUBSCRIPTION)

Following installation, the first time you run Smaamu will be presented with an activation screasking
you toselect your license typeperpetual or subscription. The next pagdlisk for your license code,
followed by your my.rationalacoustics.com account informatidhe finakcreen will ask for your name and
email address, as well as a Computer Name identifier of your chittien cliclActivateto activate your
license.

OFFINE ACTIVATION (PERPETUAL ONLY)

If you need to activate Smaart on a computer that is not connected to the Internet, you can manually register
the Smaart Machine ID from within your account at my.rationalacoustics.com Open Smaart on the computer
that isnot connected to the Internet and note that the Machine ID will be displayed on the Offline Activation
screen (clicking the Machine ID will copy it to your clipboard).

From any device that is connected the Internet, open a web browser, navigate to

httos//I Y@ ®NI GA 2y O2dzAa A 0&adO2Ys FyR 23 Ay (G2 @&2dzNJ f A0S
list of all Smaart licenses registered to your account. Click on your Smaart LE license code and you will be

brought to its Detailpage.

Clickthelink BEG (2 aLFT @2dz R2 y2i0 KIFI@S +y AYyGSNySi 0O02yySoOi7
it brings up, enter your Machine ID, the name anthail address you want to associate with this installation,

and a friendly name to identify the computer. Tleds also a field for a Block Code, however you can ignore

this unless you are reactivating an installation on a computer that was previously deactivated. When you finish
entering the required information, click the Submit button to get your ActivationeC@b back to Smaart on

@2dzNJ 2FFEAYS YIOKAYS>E SydSNIGKS ' OGAGI A2y [/ 2RS Ayilz
button. If the code is correct, you will see a success message.

BASIC COMPUTER REQUIREMENTS

You can findhe most upto-date minimum system requirement®r Smaart v®n our website at
rationalacoustics.comThe minimum system requirements for Smaart v9 have changed fromnadBmay be

updated as new hardwareperating systera and program featurelsecome availableThese minimum
requirements are established to ensure reasonable performance when default settings are used. You should
consider a more powerful computer if you plan to use large FFT sizes or run many measurements at the same
time.
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2 GETTINGTARTER NAVIGATING SMAART

Now that you have Smaart installed, activated, and readyiéemrf SG Qa G 1S | oNASTF 2271 i
Fdzy R YSy(dlf O2y0OSLJia FyR FSIGdz2NBa GKIFIG @e2dzft gyl G2

FUNDAMENTABRARADIGMS AND TECHNOLOGY

SMAART IS A TOQ@LYOU ARE THE ANALYZER

Perhaps the most important thing to keep in mind when working with Smaatrt is that, conceptually speaking,
Smaart is aneasurement toolTaking a measurement is asking a questigmd Smaartan perform a wide

variety of measurements to answer different questions. Therefore, using Smaatrt effectively requires you to be
thinking aboutg K I G Ij dzS & (0 A 2 Vike allangz3iNdnenit tdols Awjiieh exist to display information to

the user, Smaaidisplays information about the signals we send it.

Deciding what signalsr microphone positionso feed Smaart is part of the decisionaking process that
allows us to gather repeatable, actionable measurement data that will help form a solid basis for o
decisions. But we must keep in migdve make the decisions. Smaart is just a tool we use to make our
decisions more informed. In other wordsSmaart is a toolyouare the analyzer.

MULTHNPUT/OUTPUT, MULEINGINE

Since Smaa@a O2 NB TFdzy Ol A2y A & thé dgndisit setdivds,atisimpoitantNay | G A2y | 0 2 dzi
understandnhow Smart acquires those signalg.Y | I NJi @eéviceYrdaftifipht capabilities meathat the

analyzer can access any number of signals at ,dinmer multiple audio devices at once. There are no

software-imposed limitationson the number of signals or devicegou are limited only by what your

computer and hardware can accommodatdough there are sometimes limitations imposed by the

O 2 Y LJdz(i S NdQ ysten a8d¥r device drivers (for examplesiagle ASIdased device abtnceon a

Windows computer), Smaashould be able to access signals from any audio device that is conneciaed

recognized by your operating systeimA { S A &4 S {ganeratoNda@uiput dokard ¥dnriected

devices.

Once inputdevices and channels are configuréliky can beselectedto feedas many spectrum and transfer
function measurement engines as you deskgch measurement engine can have its own unique
configumation, which allowsyou to configure multiple engines to generate different data from the same input
signal(s).

LIVE AND STORED MEASUREMENTS

Atanytimei KS RI GF LINPRdzOSR o6& | YSIadz2NBYSyid SdadayS OlFy 068
library, which is found in th®ata Ba along the left side of the main windowleasurement data is always

captureddirectly at full resolution, regardless of the cumebandingor smoothingsettings, so that those

parameters can be adjusted later without any changes to the raw underlying measurement data. Smaart

allowsyou to hide and show both live arsiored measurement data and wovkith both at once in the same

plot.
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2 ¢ Getting Started; Navigating Smaart

GRANULARITY OF CONTROL

Smaart utilizes a tiered system for control over measurement engine parametegiobal control sets the

overall behavior of a parameter, anmdividual engines can be exempted from global and set individually. For
example,you can set the global averaging for all Spectrum engines using the dropdown in the control bar, and
you can also exempt individual engines fréatiowing theglobal setting and give them an individual averaging
setting. This would be helpful for investigating the differences between averaging settings, or for providing
two views of the same signal for additional context.

HIGHLY CONFIGURABLE

{ YI I NI Q Zttingshave deeniicaréfully chosen to allow yostart taking actionable measurements
without the need forextensive setup or configuration. However, Smaart be configuredo best suit a given
application. Central to the successful use of Smaartis gbility to view the data in a way that is usefuhat

is,1Y26Ay3 K2g (G2 O2yFAIdNB {YIFNI (2 aKz2¢ e2dz 6KI{G &2

Although Smaart LE has some measurement parametersgleeted, there is still a highJel of
configurability b lay out the program interface, data, and viewsyas desire.

Smaartisdesignel2 +Fff2¢ GKS LINBINIY O2yFAIdzNF GA2vsyar 0SS St a
work. The onscreen controls, hotkeys and view presets allow you to quidkéngewindow layouts and plot

views as you gdPreferred and commonly usenfigurationscan beeasilystored and recalled, as well as

view presets and plot zoom$aken togetherthese features offer the flexibility to help you acquire the

necessary data andisplayit in a helpful wayas efficiently as possible.

CONTROPBRIORITY

Controls in Smaart are arranged in order of pria@pntrols that are typically adjusted frequently throughout

a measurement session, such as smoothing and averaging, are easily accessible via the top level of the

interface, whereasontrols and settingF 2 dzy R ¢A GKAY { Yl I NI Q& hLliAz2zya YSydza
measurement sessioar less In other words; the more clicks it takes to get to a setting, the less likely it is

that you need to adjust it frequently.
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2 ¢ Getting Started; Navigating Smaart

WELCOME TO SMAARRA GUI TOUR

Inthia & SOGMA 2K St WSOFdz FI YAT AL NRT S @2dzNESEF gAGK GKS I &2 dz
taking a quick tour through the major elements.

File Config Options View Command Window Help

Thursday

12:15  vanays

2023

Figurel - Smaart LE interface overview. Data Bar (red), Control B&d)(g&raph Area (green), Command Bar (blue) and Cursor Readout
(purple)

INTERFACE CONTREBARS

{YFFNIG [ 9Q& YI AcohsidtSe®adatd digplag drgh i 2hé cerftamed by control bars on
three sides Taken together, these bars house the major interface elemdatsvhich Smaart is operated.

DATA LIBRARY

Along the left side of the program window is tBataLibrary which ishome to all stored measurement data.

When aSpectrum type plot (RTA or Spexgraph) has focus, the Data Library shows captured Spectrum data.
Likewisewhen a Magnitude or Phase plot has focus, the Data Library displays shwed Transfer Function

measurement dataThe Data Library islave view of the stored data files in yo@r2 Y LJdzi SND& 52 OdzYSy G &
folder, inside the Smaart LBatasubdirectory.

CONTROL BAR

The Control Bar is found along the right side of the main program window. The Control Bar, true to its name,
housesmeasurement engine controlét the top of the Control Bas a docked level meter which doubles as a
clock.At the bottom of the Control Bar is the Signal Generator, as welllagton to openthe Viewsflyout.
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2 ¢ Getting Started; Navigating Baart

Like the Data Bar, the Control Bar shows Spectrum engines and controls when a spgpeytot has focus,
and Transfer Function engines and controls when a transfer funtyjoa plot is selected.

COMMAND BAR

The Command Bar spans the bottom of the maiogram window and containl0 Commanduttons. Each
Command Button can be usassigned to anfunction or command in Smaatrt that has a keyboard shortcut
associated with iby opening the Config merand choosingcommand Bar Config

DATA / PLOT AREA

The plot area inhabits the center of tipgogram window and is the majority shareholder of screen real estate
in Smaart. This is where live and stored measurement data is displayed. The plot areaacsindde graph, or
divided into two. When a Transfé&unction graph typeMagnitudeor Phas@ is visiblean additionalLive IR

plot is shownat the top of the plot aredy default

PLOTS

Plots are thecentral focusof Smaart; they are where live and stored measurement data is displayed and
manipulated All plots in Smaart follow the same convention for identification and navigation: the upper left
corner of each ploshowsthe type of graphRTA, Spectrogram, Madude, Phaseetc). Click thelot label

text or the arrow next to ite open the droplist and change the plot to a different type.

Likewise, all plots in Smaart always display the name oftineently displayed measurement daté more
than one measuremnt is displayed in the plot, the name of the measurement at the top oztheler will be
displayed. Clicthe data name text or therrow next toit to open the Plot Legenavhich allows you to view
and control all measurement data currently displayedhat plot.

CURSOR READOUT AREA

Across the very top of the plot area is the Cursor Readout.Afiea cursor readowdlways displays precise
information about the data under the curstocation (amplitude, frequency, or time units depending on the
data type). The cursor readout can also displégvelengthor musicalNote IDon frequencydomain graphs,
and distance units on timdomain graphs, by enabling these in tGarsortab of theOptions>Preferences
dialog.The cursor has a number of helpful functions and optioaseGursor Readoutn page42.

MENUS

{YIFNIQa YFAY YSydz aLly GKS G2L) 2F GKS LINRINIY
The top level menus collect functions into genaralegories(File, Config, Options, View, Command, Window,
andHelp). In this guide, carets will indicate timavigation path through the menus and any submenus. For
example,Options > Measurement Settings > Transfer Functieans toopen theOptionsmenu, choose the
MeasurementSettingsentry, and then seledhe TransfefFunction

CLOCK BROADBANDEVEIMETER

At the top of the Control Bar is a broadband level metére dropdown in the upper right allows you to select
an input to view on the meterThe dropdown below that allows yowtselect the sound level metrialthough

SmaartLEUser Guide 13 Releas®.1
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2 ¢ Getting Started; Navigating Smaart

you are only able to view sound level information for inputs that have been calibrated forf I&&full scale
digital level (dBFS) can be viewed for all inputs.

The broadband meter can also be swapped for a ¢lddesired, by rightlickingthe meter and choosing
Toggle Clockor by pressing the hotkey [K].

LAUNCHING SMAART

FIRST LAUNCH VS SUBSEQUENT LAUNCHES

The first time you launch Smaart LE, it will display a message that no measurement engit@¥igreed and
invite you to start the process by selecting input sourt&ken you clickOK Smaart will display the 10 Config
dialog.

[ X X ] ) Smaart LE
Spectrum = None
[BS Session Data RTAY 0-0 BREBRE o
Max 0.0 @
No Data
2 Spectrum
Averaging Depth: None
-24
1 (i v
-36 _—
g o Smaart currently has no measurements configured.
§ Please start this process by selecting your input source(s).
-60
9
72
-84
* (1748 Oct ¥, p—
315 63 125 250 500 1k 2% 2k 8k 18k
Frequency (Hz) || CPinkoise ] 488 []+]
[I Data Bar ] [ Capture I [ Capture All I [ Reset Avg ] I Spectrum View ] I TF View l [ Clear All d8 I [ dB + I I dB - ] I Ctrl Bar U

Figure2 - The First Launch dialog, informing you that no measurements are configured arngbthshould start by selecting input signals.

On subsequent launches, Smaart will offer you achdid€.2 2 8S &/ 2y GAydz2S 6AGK GKS OdzNNB
LA O] dzlJ 6 KSNB @e2dz £t STU 2FF tFad GAYSo /dedmysbdt o/ NSFGS |

choose new inputs and create new measurement enginek.2 2 aAy 3 a{ St SOG4 | LINBOA2dza O2
Fff2¢ @2dz G2 t2FR | O2y FAIdzZNF GA2Yy @2dzQ@8S al SR LINBJA 2 dz
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Select your configuration preference:

(®)Continue with the current configuration

(O)Create a new Configuration
(C)Select a previous configuration

[J Do not show me this again.

Figure3 - the Select Config dialog that appears on subssquaunches

Note that at any time, you can completely restore Smaart to its default settings by chddamapge
Configurationdrom the Config menand clicking th&kestore Defaultbutton.

INITIAL CONFIGURATIQMSETTING INPUT SIGNALS

In order to start our work, we have to get input signals into Smeqare do this by selecting which input
device(s) we wish to use, and which channels on those devibésis done in the IO Config dialog, which
Smaart will automatically display on filstinch.

Generator Generator

CoreAudio; ZoomAudioDevice ZoomAudioDevice
CoreAudio: OCTA-CAPTURE OCTA-CAPTURE

CoraAudio: Universal Audio Thunderbolt Universal Audio Thunderbalt

CoreAudio: Pro Tools Aggregate 1O Pro Tools Aggregate 1O

OCTA-CAPTURE \

0.0| None
0.0| None
0.0 None
0.0| None
0.0| None
0.0| None

0.0| None

0.0| None

SRS SRS ISR RS SACN]

0.0| None

D Gain Tracking
|
£

Figure4 - the Input tab of the 4O Config dialog

SmaartLEUser Guide 15 Releas®.1
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The 10 Config dialog has two tabgut and Output. Of course, most 10 devices have both inputs and outputs,
but the operating systeng and therefore, Smaar cantreat them separatelyAt the top of the Input tab is

the devices table, which lists all audio devices that your operating system recoghitziés previous versions

of Smaart requiredO devices to be connected and recognized by the operating system befimehiag the
software, Smaart v9 can dynamically detect 10 devices connected at anyQimae you connect your device,

it should populate in théop pane oflO Config dialogue after a short delay, provided the proper driaggs
installed.

To select a device for use in Smaart, click its check box idgbeolumn. TheAPI: Driver Nameolumn lists
the name that the audio device (or its driver) reports to the operating system. On macQOS, all devices will use
CoreAudio. Windows machines mawhaASIO and Wave API devices, and some devices may appear as both

types.

Note: If you have both Wave and ASIO drivers installed for an 10 device with more than two channels, it will
typically show up as a single ASIO device, and multiple Wave devicesh@rwave APl only supports two
input channels per device.

In the Friendly Nameolumn, you can assign an alternative name to a device if you chp@seember to
press the [Enter] key after typing the name to apply your change.

TheStatuscolumnindicates eitherOKor N/Cfor each deviceOKmeans that Smaart was able to successfully
connect to the device and it is ready for use, wiNkCmeansa y' 2 (i O 2 WiCEad inediReélignot
connectedq Smaart remembers the device was connected previouslyitisino longer present or it can
indicate some hardware or software problem prevented Smaart from communicating with the device. This
could be a device driver issue, a loose cable, or the device needs tgtheed. You can remove a&\WC

device by skecting it in the list and clicking thRemovebutton to the bottom right of the devices table.

Enabling a device for use in the devices table will create a tablietatv the device tableThe Input Channels
table has 7 columnghe last of which is Bve signal input meter for each input.

The check boxes in tHégsecolumnallow you to select the inputs you want to use in Smaart and ignore the
rest. Note: clicking directly on the wordsein the column header will quickly select / deselect all inaits
once. TheChcolumn lists the channels by number, a@tdannel Namésts the driverreported channel name
for each.

You can assignfiendly Namdor each channel to help you identify it when you see it elsewhere within
Smaart make sure to pressth@ 9y 4 SNB 1 Se& (2 &aSid K Sandfow Sowh td theS NJ & 2 dzQ NB
next channel on the list.

TheCal Offsetolumn indicates the calibration offset for sound level measurements. A calibration offset of

zero means the input is not calibrated forsa level measurement©Once the input has been calibrated, the

Cal Offse@l f dz§ RA &L I @SR O2NNBalLRyRa (2 G(KS F02dzadA0 t S@St
convertor to 0 dBF3or more information, seSound Level Calibration (Only Needed for SPL Measurement)

on page30.

TheMic Correction Curveelector allows you to assign microphone correction curvespgat channels if
desired. For more information on importing microphone correction curves, reféfitsophone Correction
Hleson page79.
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Pl
(s}
[SY
>

Below the InptiChannels table is @lear Settingg dzi 12y KA OK gAff NBAaASG GKS
clearing out all calibration offsets, microphone correction curves, and friendly ndrodbe right, the
Calibratebutton opens theAmplitude Calibratiomlialogand defaults its selection to the cumty selected

input.

INITIAL ONFIGURATION SELECTING OUTPUTS

TheOutputtab of thelO Configlialog looks and operates much like thputtab. To select a device for use in
Smaart, click its check box in thkisecolumn. In theFriendly Nameolumn, youcan assign an alternative
name to a device if you chooggemember to press the [Enter] key after typing the name to apply your
change.

CoreAudio: ZoomAudioDavice ZoomAudioDevice
CoreAudio: OCTA-CAPTURE OCTA-CAPTURE

CoraAudio: Universal Audio Thunderbolt Universal Audio Thunderbolt

CoreAudio: Pro Tools Aggregate 'O Pro Tools Aggregate /O

CoreAudio: Built-in Qutput Built-in Output

| Remove |

{ OCTA-CAPTURE \

olo|o|o|o|lo|o|o|a

Qutput 1 QOutput 1

Output 2 Output 2

Output 3 Output 3
Output 4 Output 4

Output 5 Output 5

Qutput 7 Noise to System
Qutput 8 Noise Loopback
Output 9 Output 9

Clear Setlings

ORI O0Oooon

1
2
3
4
5
6|Output 6 Output &
7
8
9

Figure5 - the Ouput tab of the-O Config dialog

Selecting an output device for use creattab for it below in the device table.K S RS @A 0SQa 2 dzi LJdzi
are displayed in the table, and you can select any / all outputs you wish to use by checkivggbiex for

each.When the Signal Generator is running, it will route signal to alictstieoutputs on all devices you have

selected for use. Seehe Signal Generaton page51. You can assign each output channel a friendly name to

help youkeep things organizec& I 1S & dzNE (2 LINBaa w9y iSNB 6KSy &2dzQNB

TheTrimcolumn allows you to apply attenuation individually to each selected output channel if desired. Only
negative values are allowegimake sure to press [Enter] to set the change.
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UNDERSTANDING LEVELS OF CONFIGURATION

Smaart has several hierarchical levels of Configuratiothe Configmenu, theManage Configurationdialog
allowsyou to store and recall the entire program state, including 10 Config, Measurement Config, and all
settings and options.

There are multipldower levels of configuration within Smaart that deal with specific segments of the
program.Input Configdeals solely with input devices, channels, mic correction files and calibration offsets.
Output Configaddresses output devices, channels, and triMeasurement Configncludes all configured
Spectrum and Transfer Function engin®®L Configddresses mater display colors and Leg time and
weighting, andCommand Bar Confjctates which functions are assigned to the Command Bar across the
bottom of the interface All these items are accessible via t@enfigmenu, and are collectively stored,
recalled, ad resetvia theManage Configurationdialog.

® Config Management

~ Current Config

['save As | [Restore Defaulis |

~ Stored Configs
Basic Config 1

Figure6 - the Config Management dialog

TheManage Configurationdialog, accessible from theéonfigmenu, will allow you to save the current
configuration at any time by clickirgave Asentering the name for the configuration, and clickid The
Restore Defaultbutton will completely restore Smaart to its default state, including all configurations and
sdtings.

Choose a stored configuration from the list and click Recall, and confirnYegtb restore it. Use theDelete
button to delete a stored configuratiorGopyto duplicate it, andOverwriteto update the stored configuration
with the current progam configuration.

THE SMAART V9 FILE STRUCTURE

Smaart stores all its captured measurementdata @@y FA 3dzNF G A2y RFGI Ay @&2dzNJ O2 YLz
directory, in a folder called Smaart Liside the Smaart LE folder aseveralsubfolders, including th€onfig

F2f RSNE 6KAOK K2dzaSa { Yl NI Qa Ozhg Datadold&)whdresavgdR ' ye al @S
measurement data is kept.
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MEASUREMENT DATA

Smaart LE produces two main types of stored measurement-datéfiles are saved Spectrum measuent

data, and .trf files are saved Transfer Function measurement tratale the DocumentSmaart LEData

folder, you will find folders labeled Spectrum and Transfer Function which hold captured .srf and .trf data,
respectively. The Data Bar within SmaarA & I &af A @S @GASgé 2F (KSasS (62 F2fR
measurement inside the Data Bar will do so inside the Data folder as well. The converse is alé&maart

R2Say Qi Fdzi2YlFIGAOFT & dzLRFEGS O 2R SNBSS @R dONE 023 ddz( ISANI2
you canclick the three line (hamburger) menu in the data bar and séRaftesh Data Library

CONFIGURATIONS

Stored configurations are kept in the Documé@maart LEConfigfolders ' f 2y 3 gA G K { YI I NI Qa ¢
configuration, which is stored in the SmaartConfig.xml Bieleting this file is the equivalent of using the

Manage Configurationdialog to reset Smaart tdefaults andis useful in the case of unexpected behavior o

as directed by Rational Acoustics support

Stored configurations contain information about the total program state, including hardspeeific
information, so it is notecommendedo attempt to transferstored configuration files between computers.

OTHER PROGRAM FILES
Also within the Document$maart LE directory aravb more folders:Skinsand TargetCurves
TheSkindfolder contains any custom skins you make for Smaart irSkiestab of thePreferenceslialog

(found in theOptionsmenu).You can share a Smaart skin with a friend or to another machine by copying the
Odzai2Y al1AyQa SEYE FAES FNRBY (KA& RANBOG2NE FyR LI ai;

TheTargetCurvelder housesTarget Curveavailable for display on Sml NIT Mléts (seeTarget Curves
on page29for more irformation). Target curvegan be imported into Smaart via thele> Import > Target
Curvefunction or via theOptions > Target Curvesalog.
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3 ¢ CONTROLLING SMAART AND VIEWING DATA

Successful measurement sessitiirsge upon the ability to control the program and display acquired data in a
way that is useful to answer the questions at hamtlis chapter is a look at all the interface elements and
controls in Smaart.

FUNDAMENTAL CONCEPTS

WAYS TO CONTROL SMAART

To alow for a wide variety of approaches, workflows and applications, there are multiple ways to control

Smaart. The first is the mouse cursor, by interacting directly with onscreen data and controls, plus the menus

and options dialogs that can be accessedivi€ S LINR INJ YQ& aSydz ol NJ 4 G4KS 2L 27
on Windows computers, or at the top of the computer screen on macOS computers.

Second, Smaart offers a wide variety of hotkeys for various functions. A full list of hotkeys is avattable in
LINEIANF YQ& KSE LI FA{Saz yR Iye YSydz FdzyOliA2ya KI @Ay3 K2
the menu entry itself.

Ff GOSNy GA@StEes {YFHINIQa /2YYFYR o0FNE ONRaa (G(KS o2GG2Y
freely assignedo your favorite commonly used functiorgssimply click a Command button to execute the

assigned function. You may wish to begin with the default assignments and gradually assign them to your

preferred functions as you become more familiar with the pragrand establish a workflow.

CAPTURE VS DISPLAY

When working with Smaart, it is critical to distinguish between the measurement data itself, and how it is
displayed. For example, when capturing a spectrum measurement, Smaart always stoies thie

resdution data, independent of what banding setting was in use at the time the data was captBiece the
raw, full resolution data has been retained, the data can later be displayed witdesised banding setting.

Conversely, when a measurement is cagtl) the measurement data is the result of whatever averaging

setting the measurement engine was using at the time the data was produced and cagbured.the stored

measurement was produced from the output of the average, the amount of averaging usedtdze

changed once the data has been capturkdSmaar@ > OF NB KIF & 6SSy GF 1Sy G2 t20FG¢
the plot itself, where the data is viewed, atmtatethe measurement settings which affect how the

measurement engines produce the datavithin the measurement configuration dialogs. Thtie interface

and control paradigm are helpfully laid out in a way that helps to draw the distinction between data

generation and data viewn

LINEAR VS LOGARITHMIC PLOT SCALING

One thing we must be mindful of when measuring acoustiermation and plotting it on graphs is that

human perception of sound is logarithmic and covers a relatively large range of values. For example, the entire
range of sound levels that humans can hear, between the threshold of audibility and the threshold of pain, is
approximately 120 decibels, which in linear terms ratéo of a million to one.
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3 ¢ Controlling Smaart and Viewing Data

Likewise, the frequency range of human hearing is typically dei#@ss20 Hz to 20 kiHa range of three

GRSOI RSa¢

2 NJ f 2 3+ NA.BiKce wehea? NIReDNEss |@garithivicalyyolreatzRp&rceive

the percent differencéetween two frequencies as a constant. In other wondls,would perceive the jump

fompnn 17T G2 wm 1117 I a&
FNBIjdzSy Oe

two intervals occupy the same span on the graph.

iKS

alYS 2dzYLd Ay TFNBIljdzSyoOe
.G\Me ysuallyplotipur fe§ueniegomain data on a logarithmic scale such that those
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Figure7 - Linear vs Logarithmic frequency scaling. Two views of the same comb filter.

This is what weneanwhen werefer to Linear or Logarithmic frequency scatgsow frequencies are plotted

on charts and graph©n a linear fequency scale, every interval on the scale spans the same number of Hertz.

(For example, a graph labeled in 100 Hz intervals). On a logarithmic scalepaaatn the scale describes the

samepercent changeA common example is a chart with actave scaleon which each octave is assigned the

same span.

We usually view frequency domain data on logarithmic scales (most often labeled irOidtéade, Octave, or
Decadeincrements) sincghey correlate better with our perceptions of frequency. Hower, linear scales are

very useful for some things as weldljch as examining occurrences that are linear in nature like comb filtering

and distortion harmonicsboth of which typically occur every so many Hz.

When viewing raw FFT data on a logarithmaxjfrency scale, the trace tends to look fuzzier or buaidrigher
frequencies. Tis is a natural consequence of plotting data wittearly spacediata points on a logarithmic
scale: the log scale packs more and more frequencies closer togetHegquerty increasesThis is one of the

reasons it is common to apply fractional octave banding to spectrum measurement data, and smoothing to

transfer function data.

DECIBELS

The decibel (dB) is a logarithminit that is used to express the ratio between twalwes (or a value and a
reference value)Decibels are commonly used to express amplitudes, voltages, sound pressure, gain and
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3 ¢ Controlling Smaart and Viewing Data

attenuation.Historically speaking, the decibel traces its roots to the Bel, a unit used to expgesghmic

power ratiosinKS SN} 2F (St SLIK2y S (S O keyadderdtseaBam Géll kcdnmonfyA G Qa
credited with the irvention of the telephone)The knowledge that the decibel is a tenth of a Bel may

demystify the formulas to some extemdince a Bel represents a pemratio of 10:1, and a decibel is a tenth of
that.

Therefore we can express the ratio between two power levels, in dB, by:
Q6 pr@ I Q&0 Qi

However, we often wish to express quantities other than power, most often voltage, amplitude, gain, or sound
pressure. In those casesincepower is related tahe square of amplitude:

0évQipm! 0anaQooQQ
We canrestate the decibeformula in terms of amplitude. The mathematical properties of exponents and
f23FrNAGKYa (Stt dza GKIFIG ¢S OFy Y2@S GKS aGaljdz NBR¢
coefficientinstead so thel0 becomsa 20:
Q6 pm@ T QPeEVQI ¢cnd T GO anaQoo6QQ

Since decibelalways express a ratithey must be referenced tsomething If no reference iexplicitlygiven,
the reference is assumed to be one. Howewee, can express the ratio betwedwo values simply byigiding
them beforetaking the log:

Q6 ¢t I Qo
whereU is some linear value that you want to convert to decibels anik a reference value.

For example, the output of an amplifier is at Z@vhile its input is ad.5 V. We can find theoltagegain of the
amplifier by:

Q6 ¢t | Cg #Amd
or 32dB.

Another common example of this in audio applications is dBu, which references 0 dB to 0.7 #Bns§ditghis
case you can convert an rms voltagto dBu by:

Q6 ¢ | Qjng xu

LINEAR VS LOGARITHWMPLITUDE (TIME DOMAIN PLOTS)

Linear amplitude, as the name might imply, is amplitude displayed on a linear scale. In Smeaamty place
you will see this is on a linear time domain chart, where ampétisddisplayed as a percentage of full schie.
other words, the largespossible(positive and negativejalues are scaled to a range of 1 afd

Viewing Impulse Response data on a linear amplitude scale allows us to see relative @oldrigme peple
prefer the linear amplitude scale for identifying discrete reflections in an impulse response. A linear amplitude
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3 ¢ Controlling Smaart and Viewing Data

scale is not as useful for looking at reverberant decay or for identifying peak structureslawtifiequency
range of an impulse respeg, where the waveforr® &  LJ§ dpdea@bier so muchtime that a clear impulse
is not easily discernable.

Lin¥ Bandpass IR 1V
20

Level (%)

Log¥ Bandpass IR 17

Tima (ms) el

Figure8 - Linear vs Logarithmic amplitude scaling. The impulse response of a filter is shown on a linear (percentage of full scale) vs
logarithmic (decibel) amplitude scale.

FOCUS

The concept of focus is a key element in working effectively within Smaart. Sinaart can display multiple
graphs at once, and each graph can contain multiptaasurements at once, it is important to understand
which plot ormeasurement your controls and command will affect.

Z-ORDER

When one or more live measurements and/or storeataltraces are present on a graph, they can be
visualized as being stacked on top of each other, not uoliteverhead projector transparencieSince thex
FEAA& A& GKS LI 2 (0 Qaxis ik ®Bd\Weriical gxis lthe tralcels Atack ih 2k wiickyBu can
visualize as stacking them on the axis that runs into the display, towards and away from the viewer.

Figure9 - a visualization of-prder in Smaart, showing how traces are stacked on the graph

Thename ofthe frontmost trace in the zaxis stacking order (we also call this the top traal@)aysappears in
the upper right corner of the graph pan€licking in the trace name, or the arrow next to it, will open the Plot
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Legend which shows all live and storegasurement data displayed in the plot. Click on the name of any
measurement in the Plot Legend list to bring it to the top of the stack.

You can also cycle the z order of a graph forward or backward by pressing the [Z] key or [Shift] + [Z] or by using
the Cycle Z Order Forward and Cycle Z Order Reverse commands in the Command menu.

PLOT FOCUS

When multiple plots are present, one of them is always considered the amtifieeusedplot. Clicking

anywhere within a plot selects it as active, and you can tell which platsdocusy the thicker plot border
highlight2 KSy dza Ay 3 { YI I NI OfdcusBdfIcr wilibavie a thidker Klaick Borger giaundiit,K S
and when using the datilt dark skin, théocusedplot with have a thicker white border around ou can
change the color of the plot focus indicator bgvigating to theSkindab of theOptions>Preferencelalog

and choosing a new color for tHlot Area grid border (focad)item.
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FigurelO-an example of Plot Focus in Smaart. Notice how the Phase graph has a thick, dark inner border, indicating focus.

The focused plotvill determine which controls you see in the Control Bar and which setpifioed data you
see in the Data Library (Spectrum or Transfer Function).

The focused plot is the source for data capture operatigims other words, when you execute the Capture
command [Spacebar], tHeve measurement data on the top of theorder in the focused plot is what will be
captured The focused plot is also the target for most menu and keyboard commands that affect what you see
on a graph, such as zoom commanaisgyclez-order commands.
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ENGINE FOCUS

LikePlot Focusyou can cliclon a measurement engine in the Control Bar to give it focus, which is indicated by

a thicker colored border around the engine and a different shading color on the engine. When a Transfer

Function engine has focusjstenlarged to make room for the additialdelay controls (Find, Track, and
IncrementDecrementdelay). ¥ | YSIF adzNBYSy i Sy3aiaysSQa RIEGF Aa Odz2NNBy
to give it focus also brings its data to the top of therder.

VIEW, DATA AND PLOT CONTROLS

PLOT VIEW CONROLS

PLOT TYPE CONTROL

All plots in Smaart follow the same convention for identification and navigation: the upper left corner of each
plot shows the type of graptR(TA, Spectrogram, Magnitude, Phaste). Click the plot label text or the arrow
next to t to open the droplist and change the plot to a different type.

18| MagnitudeVa mﬁ!
LS RTA i
12 M 1

9 Spectrograph

6 Phase

a v Magnitude

0 [ o

3 | \
o A \
[l ! -

Figurell - Plot Type control droplist

ADDING / REMOVING PLOTS

Each plot in Smaart LE heasmall [x] icon at the lower left corner of the plot border area. Click this [x] to
remove the plot from the graphing ares/hen the graph area is occupied by a single plot, the [x] icon will
change to lus[+] icon Clickinghe plus[+] icon will adda second plot to the graph are@hus, you are able
to switch betweerone plot and two plots directly from the graphing area.

-120 -
-150 A\
-180 -15

Figurel2-the X icon (left) will remove a plot, and the plus icon (right) will add another
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VIEWFLYOUT AND VIERRRESETS

At the bottom of the Control Bar, just above the Signal Generator, is the View button, which opens the View
flyout. At the top of the ViewFlyout are six buttons that control various View settings

View
(O | == [twelRr]
(OrI=1coj
—— Presets ——
Spectrum
Transfer Function

@ Spectrograph
Spectrograph/Spectrograph
RTA/RTA

@ RTA/Spectrograph
Magnitude/Magnitude

@ Magnitude/Phase

- Empty -

- Empty -

@ - Empty -

@ Multi-Spectrum

[ capture | [ Manage |

( View )

Figurel3- Control Bar View flyout

¢KS FTANRG G2 I+ NB (K Susetoyidde e Bain plat aréadnio eithifr 8né ér twd dzii G 2 v &
plots. The buttordabeleal with a single rectanglsets the graph area to a single plot, and the button labeled

with two rectangles splits the graph area into two plotke rightmost buttorin the top row toggles th&ive

IRpane when a Transfer Functiggpe plot (eitherMagnitude or Phas@ is visible.

Thesecond row of controls will show and hide various sections of the interface: from left to right, the Data
Bar, the Command Bar, and the Control Bar. (Remembethleste elements can also be shown and hidden
via theViewmenuat the top of the screen, oria hotkeys)

Below the six view buttons is the Presets arehiere you can recall th&pectrumand Transfer Functiopreset
views as well as ten uselefinable view presetby clicking the associated button. The same presets can be
recalled without opening the flyout by pressing the associated hotkdy[{[5 or a number from 0 to 9).

Click theCapturebutton at thebottom of the flyout to capture the current view configuration, give it a name
and choose a slot to store it in. TManagebutton opens theUser Viewslialog where you can capture,
recall,delete or rename view presets, and reorder the list with the ag down arrow buttons.
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User Views [ ]
Slot | Name

1  Spectrograph
2  Spectrograph/Spectrograph
3 RTA/RTA
4 RTA/Spectrograph
5  Magnitude/Magnitude
6  Magnitude/Phase
7  --Empty-- v |
8 --Empty-- -
9 --Empty--

Figurel4-User Views dialog

You can also recall View Presets and acttestlser Viewslialogfrom the View > View Presetaenu.

PLOT CONTROLS

PLOT SCALE

Smaart LE offers four scaling optionsfl@guencydomain plots RTA, Spectrograph, Magnituded Phase:
three logarithmic optionsecade, Octavand 1/3 Octave which is the defau)t and aLinearoption as well.
All three logarithmic options plot the data on a logarithmic frequency scalesangly change the grid ruling.

The plot scale settinig located in theGraph Settingslialog, which can be accessed by clicking the Gear icon in
the bottom right corner of the plot border area, @ia theOptions > Graph Settingsenu, or the associated
hotkeys [alt] + [S] for Spectrum graph settings and [alt] + [T] for Transfer Function graph settin@arepbe
Settinggfor more information on the graph settings dialog.

~ General Settings

Frequency Scale: 1/3 Octave «

Decade
Octave

Line Thickness:

Display Live IR:

Figurel5- Plot Frequency Scale settings, in Graph Options

ZOOMING

You can zoom in and out of any graph in Smaart by use of the mouse, hotkeys,-defiisable zoom range
presets.

1 Press the plus and minus keys ([+] afjfidn your keyboardo zoom in and out on thg (vertical) axis
of the active graph.

1 Hold down[Ctl/Cmd] +[Alt/Option] while pressing plus or minus to zoom in/out on thénorizontal)
axis of the active graph.

1 Hold down [Ctrl/Cmd] while pressing plus or minus to zoom bothxthrady axis.
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You can also rightlick (or [Ctr] + click on macOS) aRIN} 3 A GK &2dzNJ Y2dzaS G2 RN} g | &
around the area you want to zoom in. When you releasenttoeise button, the selected area will fill the
entire graph

Magni
15
12
9
J\v
g °|F"
S
® 0
>
Q
- 3
)
-9
-12 Right-click and drag
A5 to select a zoom range
1/48 OctV
-18
315 63 125 250 500 1k 2k 4k 8k 16k
X Frequency (Hz) 3

Figurel6 - Rubber Band (rightlick) zooming
Remembethat you camalwaysclick in the border of any plot to restore it to default zoom range.

Zoom Presets

Zoom presets enablgou to set thex-axis range of a graph (the time or frequency axis) to a predefinecerang
Zoom presets are activated by selectifimpm > Zoom-4 from the Commandmenu or by pressing

[Alt/Option] + [14] on your keyboard. Selectim@efaultfrom the Zoommenu, pressing [Alt/Option] + [5], or
simply clicking anywhere in the border of a plotlwéstoreit to its defaultx andy ranges.

You can customize the zoom presets viaZlmemtab of the Preferenceslialogopened viaOptions >
PreferencesThere are separate settings for Frequency and Time domain.|getngs in thé-requency
section define preset zoom ranges foequency domain plotsRTA, Spectrograph, Magnitudad Phasé.
Settings in theRelative Timesection define time ranges for the Transfer Functigve IRlisplay.
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Preferences [ ]
-[GeneraIYSkms\',Cursor> Zoom( API \‘fAudio\(Advanced\
~ Frequency
Zoom 1 (Hz): |20.00 To  20000.00
Zoom 2 (Hz): ' 10.00 To 100.00
Zoom 3 (Hz): | 100.00 To 1000.00
Zoom 4 (Hz): | 1000.00 To  20000.00
~ Relative Time
Zoom 1 (ms):  10.00 +-
Zoom 2 (ms):  20.00 +-
Zoom 3 (ms): | 40.00 +-
Zoom 4 (ms): | 100.00 +-

Figurel?7 - Zoan Preferences

TARGET CURVES

A target curve in Smaart is simply a line with a specified spectral shape that is drawn on Banitiisplays

(only) at a specified level. The purpose of a target curve is simply to be visible on the screen as a reference, for
example when measuring background noise or when attempting to achieve a certain signal spectrum in the

OFL&asS 2F | YdzAAO YAEZ &LISSOK LINkuE.O& &28aiGSYZ 2N OAy!

Target curves cannot be moved up or down the plot in the way that measemt data can. They move up or
down automatically to accommodate changes in banding resolution, but otherwise their position is fixed. They
do not appear in the plot legend, and the cursor readout ignores them. Also, target curves are not displayed
on unbanded spectrum displays, or on transfer function plots. If you need a target curidagmaitudeplot,

you can create one by setting an equalizer or processor to the desired response, then simply measuring the
LINE OS&da2Nna NBalLlRy @SentdsfR &l GAy3 Al & YSI &dzNJ

To view and manage available target curves, sélgttons > Target Curves use the hotkey [Alt/Option] + X
to open theTarget Curvedialog. For each available curve, you can set the display status, line color and
thickness. You can alsmport new target curves obDeleteexisting ones from this window.

Once you have selected target curves for use, operMieeymenu and selecBhow Target Curveer press [X]
on your keyboard to display the target curves. Note that target curves dispkgpécific SPL so you may
need to scroll theRTAplot to see them.
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GRAPH SETTINGS

Smaart LE offers a host of options to control and customiiaphing. Graph settings in Smaart aexessible
via theOptions > Graph Settingsenu and broken into separate tabs fBpectrumand TransferFunction
graphs.You can alsacces$Graph Settingdirectly by clicking the Gear icon in the lower right corner of the
plot border onRTA, Spectrograph, Magnitude Phaseplots.

Alternatively, operSpectrunGraph Settingdy using the hotkey [Alt/Option] + [S], ®ransfer Function Graph
Settingsby using the hotkey [Alt/Option] + [T].

SPECTRUM GRAPH SETTINGS

TheSpectrum Graph Settinggalog is divided into three sectiomsGereral Settings, RTA Display Settirgysq
Spectrograph Setting#\t the bottom of the dialog is a button fuickly jump tathe Spectrum Measurement
Settingdialog.

Graph Settings ®
/ Spectrum ( Transfer Function \
~ General Settings
Frequency Scale: 1/3 Octave « Link Plot Banding:
~ RTA Display Settings
Banded Data: Lines o Peak Hold: ]
Track Peak: (] Peak Type: Infinite -
Plot Calibrated Level: [
Hold: 1 Seconds

Magnitude Range (dB): Max
. 99 (dB): |0 Averaged: (]
-100 | Min Y-Zoom Increment (dB): 3

Line Thickness: 5 « ForegmundY-ScrollIncrement(dB): 3

4 - Background v Grig Interval (dB): 12

~ Spectrograph Settings

Slice Height: 4 Dynamic Range (dB FS): -30 Max
Slices in History: 1000 -66 Min:
Min Memory Required: 62 Mb Grayscale: []
[ Measurement Settings ]

Figurel8- Spectrum Graph Settings

General Settings

Frequency Scakontrols thex (frequency) axis scaling fRTAand Spectrograpliplots. Smaart LE offers four
scaling options: three logarithmic option3écade, Octavand 1/3 Octave which is the default), and lanear
option as wellAll three logarithnic options plot the data on a logarithmic frequency scale and simply change
the grid rulingAs explained iinear vs Logarithmic Plot Scalifrgquency response data is normally
displayed on a logarithmic frequency axis, however you may wish to view it on a linesr eiin contexts.
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Link Plot Bandingwvhich is enabled by default, keeps thepilot Bandingsetting linked for all Spectrustype
plots (RTAand SpectrographDisabling this setting will allow you to set bandindependentlyfor eachRTA
and Spectrograplplot using the ifplot control in the lower right of each plot.

RTA Display Settings

Bandal Dataselects whether you want Smaart to dispRyAdata as a bar chart with fractional octave
banding a line graph, oBoth Selectindothwill plot a combination of fractional octave data in bar chart
form with the raw, uabanded FFT data overlaid asine graph. Usbanded FFT data is always plotted as a line

graph (i.e. when the iplot banding control is set tblong.

uuuuuuu v ] mav ‘Best Spacirum Evarl ¥ | ATAY Best Spectrum Even ¥

| RTAY Best Spactn

Level (081

(A ocY)

o =5 e T o o> = " o
2 @ Frecuenzy el @) @

E
£
&

Figurel9- RTA Display Settings (Bars, Lines, or Both)

Peak Hold; RTA data is typically averaged over some pendtch helps stabilize the data to make it more
readable andjive an idea of trends over tim8&electing®eak Holdvill alsodisplay a record of the highest

level reached by the peaks in the signal at efaiefjuency, or in each band. Peak Hold data is plotted as a
secondline on line graphs, or as a series of flattened bar segments on bar chartsan also toggle tHeeak
Holdsetting viaView >Toggle Peak Holor by pressing the [P] kegn your keyboad. When you capture a
spectrum measurement, both the normal RTA trace and the peak hold data are stored in the captured
measurementThis means that you can view Peak Hold data in the future even if the setting was not enabled

at the time of the capture.

RTAV Hello World-1'¥

Level (dB)

2k 4k 8k 16k
Frequency (Hz) ]

315 63 125 250 500 1k

Figure20- RTA with Peak Hold enabled

Track Peakvill enable a second ONR & & K| A Nk  edzhdgrtude andfreduendydth@ Haia point
with the highest amplitude value in the in the tapost trace on the RTA plot. When your mouse cursor is
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located in that plot, the cursor readout area will display the magnitude and frequency ofatbleed pe& as
well in addition to the usual cursor readout information.

Peak Typeselects the peak hold time. The choices bufinite or Timed Infinite peak hold preservers the
highest peak level recorded for reach frequency until it is either replaced by arhigiding, or you flush the
averaging buffer ([V] keyJimedpeak hold allows the peak trace to decay after saraenber of secondsas
specified in theHoldfield.

Averaged; By default, the peak hold function looks for the highest peaks in each incpRf T, before the

data goes into the average for the normal RTA display, meaning that you may never see an averaged RTA trace
approach the peak levels. If you want to see the higheatls reached by the averaged signal instead, click

the Averagecdcheckbox.

Plot Calibrated Levabplies the inpu® @alibration offset(if present)to RTAplots and sets the defauRTA
display range from 20 dB to 120 dBputs with a calibration offset present are plotted on tR&Agraph in dB
SPL (positive valueg)his means that, when this option is selected, plotting a combination of spectrum
measurements from calibrated and necalibrated inputswill result intraces being graphed in both the
positive and negative regions of the vertical scale at okdeen this option is not selected, Smaart ignores
any calibration offsets and plots all spectrum measurements in dBFS (negative values).

Magnitude Rangé€dB)sets the defaultdecibel rangdor the y (vertical)axis ofRTAplots. Note thatsince these
controls set thedefaultrange, it will not have any effect on the plas currently displayed. Click anywhere in
the plot border to reset to the (new) default view range.

Y-Zoom Increment (dB)ets the increment that will be used to zodhe vertical scale oRTAplotswhen the
[+] and [] keys arepressed.

Y-Scroll Incremet (dB)sets the increment that will be used to scroll the vertical scalRBAplotswhen theup
and down arrow keys are pressed.

Y-Grid Interval (dB3ets they axis grid ruling interval foRTAplots, in decibels.

Line Thicknesadjusts the thickness, in pixels,lofe traces displayed oRTAplots. Thickness for foreground
(top ofzorder) and background traces can be adjusted independently.

Spectrograph Settings

Slice Heighsets the height, in pixels, of each row in t8pectrograph displaghanges will take effect
immediately Slice Heightan also be adjustedsing the [+] and-] keys while ay Spectrograplplot has focus.

Slices in Historgets the maximum number &TArowskept in the spectrograph history (in oth@ords, how
far back you can scroll the plot and still see data). More rows require more memory, especially with large FFT
sizes as indicated by th&lax Memory Requirefield.

Dynamic Range (dB F&}s the upper and lower thresholds for the spectrodratisplay, in decibels. Data
points whose magnitude values fall below the specifiidimum value are displayed in black, and levels that
exceed theMaxvalue are set to whiteThe dynamic range can also be controlled by the two arrowhead
shaped widget¢hat appear along the left edge of tigpectrograptand RTAplots, seeSpectrograpton page

64.
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Grayscalechanges thespectrograph taise shades of gray, rather than colors.

TRANSER FUNCTION GRAPH SETTINGS

TheTransfer Functioraph Settingslialog is divided into three sectiomsGeneral SettingdViagnitude and
CoherenceAt the bottom of the dialog is a button to quickly jump to theansfer FunctioMeasurement
Settingdialog.

General Settings

Frequency Scalmntrols thex (frequency) axis scaling fdtagnitudeand Phaseplots. Smaart LE offers four

scaling options: thee logarithmic optionsiecade, Octavand 1/3 Octave which is the default), and lainear

option as well. All three logarithmic options plot the data on a logarithmic frequency scale and simply change
the grid ruling. As explained linear vs Logarithmic Plot Scaliog page20, frequency response data is

normally displayed on a logarithmic frequency axis, however you may wish to view it on a linear axis in certain
contexts.

Link Phase & Mag. Smoothinghich is enabled by default, keeps theplot Smoothingsetting linked forall
Transfer Functiostype plots (Magnitudeand Phasg. Disabling this setting will allow you to sshoothing
independently foiMagnitude and Phaseplotsusing the inplot control in the lower right of each plot.

Line Thicknesadjusts the thickness, in pixels, of line traces digpthonMagnitudeand Phaseplots. Thickness
for foreground (top oz order) and background traces can be adjusted independently.

Plot Proportional Graphsxpands theLive IRpane to occupy an equal portion of the graph aesathe other
plots, rather thana smaller, fixeeheight pane.

Display Live IBets whether thelive IRpane is shown whenever a Transfer Function plot tyyadnitudeor
Phase¢ is displayed. This setting can also be toggled usingitreelFbutton at the top of the View flyout, or
via the key comman{Ctrl/Cmd]+ [I].

Magnitude

Mag Range (dBjets the defaulverticalzoom range foMagnitudeplots. Note that since these coris set
the defaultrange, it will not have any effect on the plot as currently displayed. Click anywhere in the plot
border to reset to the (new) default view range.

Y-Grid Interval (dB%ets they axis grid ruling interval favlagnitude plots, in decibed.

Y-Scroll Increment (dBgts the increment that will be used to scroll the vertical scal®lafnitudeplots when
the up and down arrow keys are pressed.

Y-Zoom Increment (dBkets the increment that will be used to zoom the vertical scalMadnitudeplots
when the [+] and- keys are pressed.

Coherence

Show Coherenceets whether Coherenadatais displayedor thetrace at the top of theorderin Magnitude
plots.You caralsoToggle Coherencga theViewmenu, or by pressing [C] on your keyboard.
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1/4 Heightverticallycompresses the coherence display into the top quarter ofNsgnitude plot rather than
the top half. Selection this option if you want more unobstrucpdt space for magnitude traces.

Coh Blanking Threshoetts the coherence threshold below whigfagnitude and phase data will not be

plotted. Frequency data points having coherence values lower than the threshold will not be displayed in the
plot, howeve the data is still calculated and capturdd.other words, the coherence blanking threshold

setting has no effect on the underlying measurement data, only whether it is displ&ge.oherenceon

page68.

DATA CONTROLS

SHOWINGRNDHIDINGDATA

¢KS RIFGIF aK2gy Ay { YItwo\iaces: Sitked Liva iNdaduliérient QaYiatis pduBed”

by a measurement engine in the Control Bar, or Stored data that was previously captured from a

measurement engine and is stored in the data librénythe case of Live measurement dathe coloredcircle

2y GKS YSIadaNBYSyd Sy3aiayS O2yiNRfa ¢gKSGKSNI GKIFG Sy3aays

. Engine >

Q Another Engine

I —
L

Figure21-Two Spectrum engines in the Data bar. The Green engine is currently shown, and the Blue engine is hidden, as jnttieated b
X across the colored circle icon

JEtAOTAY3I ((KS O2f2NBR OANDES 6Atf KARS (KS Sy3aysaa RI
circle/ tAO1AY 3 F3ALAY gAff NBY2@S (GKS - |yR Rtattik & GKFG Sy
engine has data in its buffer to displdgad Live measurement trace displayed in a plot will be the same color

as the measurement engine that is producihgnd will be identified in the Plot Legend by a colored circle

that matches the colored circle in the measurement engine.

In the case of storetheasurement datafiles that are not currently displayed have an X displayed on fheir
icons in the Data Ba€@lickingthe coloredfile icon willdisplay that data in the plot and remove the X to
indicate that it is shown. Clicking the file icagainwill restore the white X and hide the data from the plot.
You can also use the hotkey [H] to hide the focused tracfCo¥Cmd]+ [Shift] + [H] to hide aktored traces
displayed in all plotsyou can also find these commands in @@mmand > Storedaa Tracesnenu.

You can also hide traces directly from the Plot Legend, by clickirtditledutton to hide the focused trace, or
by clicking the colored icon (circles for live data and pages for stored data) to hide any trace.
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@ Engine

) Best Capture Ever!
k48

B Left1

@ Another Engine

Hide |ResetY+ Move

Figure22 - Plot Legend showing a mixture of live data (circle icons) and stored data (page icons)

You can also quickly show multiple stored tracgsblding theCtrl/Cmd]key and clicking to select multiple
traces, or a range of traceyelicking to select the first trace you wish to display, then holding the [Shift] key
and clicking the lastand then dragging the selected traces into the graphing.a¥eu can also display an
entire folder of stored data by dragging the folder into thephing area

MOVING TRACES

Whentwo plots of the type are displayed (for example, tRdAplots), you can move displayed data between
plots byclicking it in the Plot Legend to give it focus and move it to the top oz thrder and then clicking the
Move button. You can also move the focused trace to the other plopt@gsing [M] on your keyboard, or via
the Commandmnenu > Cycle Preferred Plot

In addition,you can double click a measurement engine in the Control Bar to open its settings and then adju
the Plotsetting between 1 and 2 to choose which plot it displays in by default. Similar, you can access a stored
i NJ Dr&celafadialog, either by rightlicking it in the Data Bar and choosimép or by using the Info icon at

the bottom of the Data bar, and setting tHelot setting to either 1 or 2.

Engine \z

~ Measurement Settings

Name: Engine

Delay: 0.00

~ Display Settings

Color:.
Plot: 1

Figure23 - Plot Preference control in the measurement engine config flyout

TRACBEOFFSET

Smaart allows you to move traces up or down on a graph by appifiageoffseto I £ 42 NBHSNNBR (2 |
2TFTASEBS NI 2 Q) & R2 FyRukcandafpipr ajfset tothe focused trace by using thiB +anddB-

buttons on the command bar, or by tH€trl/Cmd]+ Up/Down arrow hotkeys. These commands nudge the

focused trace up or down by the increment specifiedhe Trace Movemensetting of theOptions >
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Preferencalialog. The default setting is 1 d&other way to move a trace up or down on the graph islick
and drag it with your mouse

Trace Info ®

Captured: 5 Dec 2022 12:12:49pm
Group: Group
Measurement: Loop In
FFT: 16k

Average: Inf

Window: Hann
Calibration Offset: 0.00
Peak Hold Type: Infinite
Peak Hold Seconds: 0
Peak Hold Averaged: Yes
Sample Rate: 48000

Bit Depth: 24
Name: 48
Comment:
Color: .
dB Offset: 0.0 Save As
Plot: 1 [-]+] Export to ASCII
Copy to ASCII
OK

Figure24 - Trace Info dialog showing fields for Plot Preference and dB Offset

When a trace has an offset applied, the offset amount is displayed in the upper right corner of the plot, below
the trace name, when the trace has focus. Wiset for every trace on a plot is also displayed in the plot
legend.You can also view and adjust the offset for stored traces usingBh®ffsesetting in theTrace Info

dialog

| L] -5.00
B Left-1 +31.00
@ Another Engine +36.00
) Best Capture ... +33.00
@ Engine +26.00

Hide |ResetY:| Move
Figure25 - Plot Legend showing dB Offset for each trace.

You can clear the offset for the focused trace by using the [Y] hotk€pmmand > Clear dB Offs€tear all
offsets for all traces displayed in a plot by clickingReset ¥ button in the Plot Legend. Clicking the button a
second time before closing the Plot Legend will restore the offsets.

Clear all trace offsets at once usi@gmmand > Clear All dBfsetsor the hotkey[Ctrl/Cmd]+ [Y].

TRACE COLOR AND THICKNESS

You can set the color fdive data traces byight clicking theassociated measurement engimethe Control
Barand choosingChange Colgmor bydouble-clicking the engine to open its sigigs and clicking theColor
swatd. You can change the color of stored data by riglitking and choosinigpfo, or using the Info button at
the bottom of the Data Bar, to open thErace Infadialog,then clicking theColorswatch.
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In the ColorSelectiordialog, yu can use the color picker to drag the selectors to a hew cofaselect Red,
Green and Blue hex values individually, or select asptected color from the palateClicking any color in the
pre-selected color palate will open a measking whether you want tase that swatch color as the trace
color, or reassign the swatch color to the color value currently indicated by the drag selector and the
Red/Green/Blue sliders.

Color Selection

00735F

O
O
I I I e
I N N N

Figure26 - Color Selection dialog

Alternatively, you can select one or multiple traces in the Data Bar, right click, and chesig; Random
Colorto quickly recolorthem all.

The thickness of traces displayed in graphs can be adjusted separately usingetfiéhicknessontrols in the
Spectrumand Transfer Functiotabs of theGraph Settingslialog, which you can access by clicking the Gear
icon in the bottom right corner of the plot bordeYou can set the thickness, in pixels, for the foreground
(focused) and backgrawl traces independently.

Z-ORDER

When one or more live measurements and/or stored data traces are present on a graph, they can be
visualized as being stacked on top of each other, not unlike old overhead projector transparencies. Since the
FEA& Aa (KS LI 2 ( Qaxisi&tBeN@riical gkis, lthe tratek $takk ir dybds, whiéh $ou can
visualize as stacking them on the axis that runs into the display, towards and away from the viewer.

-— &

Figure27 - a demonstration of order in Smaart

The nameof the frontmost trace in the -axis stacking order (we also call this the top trace) always appears in
the upper right corner of the graph pane. Clicking in the trace name, or the arrow next to it, will open the Plot
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3 ¢ Controlling Smaart and Viewing Data

Legend which shows all live and stoma@asurement data displayed in the plot. Click on the name of any
measurement in the Plot Legend list to bring it to the top of the stack.

You can also cycle the z order of a graph forward or backward by pressing the [Z] key or [Shift] + [Z] or by using
the Cycle Z Order Forward and Cycle Z Order Reverse commands in the Command menu.

PLOT LEGEND

The Plot Legend is accessed by clicking in the upperaggher of a plot, either on the name of the displayed
trace, or the arrow next to ifThe Plot Legendslis all traces currently displayed in the plot, both live
measurements (indicated by a colored circle) and stored data (indicategpageicon). Each icon is colored
to match the display color of the corresponding trace in the pBitcking anywhere oside the Plot Legend
will close it.

@ Engine

) Best Capture Ever!
B 48

B Left-1

@ Another Engine

Hide |ResetY+| Move

Figure28 - Plot Legend showing a mixture of Live and Stored data

The currently focused tracgethe one at the top of thezorder ¢ always appears at the top of the list, with a
shaded highlightClicking any on any trace name in the Plot Legend moves it to the top of the list, and to the
top of thezorder in the plot.Clicking the colored icon next to the trace naqine cicle for live data and the
page icorfor stored datag will hide that trace from the plot.

Below the legend are three buttons. Thédebutton will hide thetrace at the top of thezorder. TheReset ¥
button clears all dB offsetpplied to all traces in the plot. While the legend remains open, you can click the
button again to restore the offsets. When two plots of the same type are visibldyithe button will move

the focused data to the other plot.

TRACE INFO

You can acceshe Trace Infadialog for any stored measurement data by righicking the stored data in the
data bar and choosinlpfo, or by selecting the stored data atiten clicking the Info icon at the bottom of the
data bar.
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Trace Info ®

Captured: 5 Dec 2022 12:12:49pm
Group: Group
Measurement: Loop In
FFT: 16k

Average: Inf

Window: Hann
Calibration Offset: 0.00
Peak Hold Type: Infinite
Peak Hold Seconds: 0
Peak Hold Averaged: Yes
Sample Rate: 48000

EiDeCth2
Name: 48
Comment:
Color: .
dB Offset: p.0 Save As
Plot: 1 EH "Export to ASCII |

Copy to ASCII

[0k ]

Figure29-The Trace Info dialog

The upper portion of thdrace Infaialog listseverything that Smaart knowabout thecaptured
measurementata, including when it was capturetihe name of the measurement engine that produced the
dataanddetails aboutthe meas@ Y Sy G Sy 3 A y S Qtalsodigts/ted dedirend kpitychannel
names used to acquire the measurement signals, and the version of Smaart that captured the data.

The lower portion of th@race Infalialog has an editabldamefield (be sure to press [Enter] to set the
change) plus €&ommenfield for storing any additional information you wish to make note of.

Clicking theColorswatch opens th&€olor Picketo allow you to change the display color of the trace.
ThedB Offsefield allows you to view and adjusiie currenty offset applied to the trace, if any.

Plot sets which plot the trace will appear on, in situations when more than one of the same plot type is
available, for example, thRTA/RTAiew for Spectrundata or he Magnitude/Magnitudeview for Transfer
Functiondata. When only a single plot of a given type is available, this setting is ignoreliloSig Tracesn
page35.

Invert Mag Displagppears as an additional option féransfer Functiotraces.When enabled, it will display

GKS GNI OSQa YI3AyAldzZRS NBaALRYyaS dzzJAARS R2gyd® ¢KAA Oy
allows a cut to be displayed as a boost, making it easier to see whether the filter response is appropriately
complementary to the loudspeaker response being equalized.

Save Awvill allow you to save a copy of the trace file to another destination on your computer.

AAAAA

Copyto ASCD2 LA S& GKS RFEGIF FNR2Y (KS aSt SOGSR adG2NBR RIGE 7
delimited ASCII text format, suitable for pasting into a spreadsheet, text editor, or any other program that

accepts ASCII text. ASCII exports of spectrum aetsist of three columns: frequency, magnitude, peak

magnitude (as dictated by thieeak Holaptions inSpectrum Graph Settingand column headers. &8

exports of transfer function data include frequency, magnitude, phase and coherence plus column headers.
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Export to ASCéxports the data from selected file(s) to talelimited ASCII text files. You will be prompted to
choose or create a destinationrdctory for the exported files.

BANDINGAND SMOOTHING

BANDING

When spectrum data is displayed on a logarithmic scale, it is most often displayed using fractional octave
banding, which aggregates tlieA 3 ¥ereffgyrito bands that are of constalog width (that is, each band is
an octave wide, or a third of an octave wide, and so forithjs helps the displayed spectrum correlate well
with human logarithmic pitch perception, artlps spectrum displays appear in a way that tends to visually
resemble the tonality of the signal as we perceive it.

RTAY Pink Average 1¥

-36

-48

g

72 |1

Level (dB)

g |[HE |

_g6 |1

L]

-108 (S

186 315 63 2%
Frequency (Hz)

1120ctV
125 250 500 1k
&

Figure30 - Banded (bars) and unbanded (lines) RTA data displayed on the same plot. Note that the banding is what makes the pink noise
signal appear "flat"

In Smaart LE, thieanding setting is displaysettingc K G A &3 Al R2 Sane@durermeitf SO0 G KS
data, just how it is displayed. Spectrum data is always captured in full resolution and can then be displayed
with any banding desired at any point in the future.

RTAplots can display banded data as a bar chart or a line gripgSpectruntab of theGraph Settings
dialog, which is accessible by clicking the Gear icon in the bottom right of the plot border avé&aQOptions >
Graph Settings > Spectryor viathe hotkey [Alt/Option] + [Shas aBanded Dataetting that will allow you
to choose whether you wish to see Bars, Lines or bs#hectingBothwill plot a combination of fractional
octave data in bar chart form with the raw, 4randed FFT data overladd a line graph.
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| RTAY Best Speetrum Ever! ¥ | ATAY ‘Best Spectum Everl ¥ =[ RTAY Best Spectrum Ever! ¥

™ o & Era— TR T e = - I o lo

Figure31- RTA display options: Bars, Lines, or Both

The banding can be adjusted via thepilot banding control in the lower right corner of spectritype plots
(RTAand Spectrograph When the banding control is set téone the unbanded data is always displayed as a
line graph.

By default, the banding settisdor RTAand Spectrograpliplots are linked, but you can dimk themin
Spectrum Graph Settysby deselecting theLink Plot Bndingcheckbox.

¢ No Banding
v 1/48 Oct
— 1/24 Oct @3
1/12 Oct
1/6 Oct
1/3 Oct
Octave

Figure32 - In-plot Banding Control

SMOOTHING

Transfer functiordata (Magnitudeand Phasg is often displayed with some amountfoéctionaloctave
smoothing applied, to helplustrate trends andnake the data more readable bgdudng@A a dzZ £ Gy 2A aSé
measurement, especially when using large FFT sizes that create large numbers of data points.

In Smaart LE, the smoothing setting idisplaysettingcii K I i A & Affect the uRd2r§iagfr@asurement
data, just how it is displayed. Transfer function data is always captured in full resolution and can then be
displayed with any smoothing desired at any point in the future.

You can adjust themoothing applied to traceim Magnitudeand Phaseplotsvia the inplot smoothing control
in the lower right corner of the ploBy default, the smoothing settisgor Magnitude and Phaseplots are
linked, but you can wink themin Transfer Function Graph Settingg de-selecting theLink Phase & Mag
Smoothingcheckbox.

SmaartLEUser Guide 41 Releas®.1



3 ¢ Controlling Smaart and Viewing Data

L Y L
dl 1
| N w
Bl L
A e
1/120ct V) Yy
1k 1/480ct [
1/24 Oct
S /12 0ct B
Curve,1 F¢ 1/6 Oct
1/3 Oct
Octave

Figure33 - In-Plot Smoothing control

CURSOR READOUT
hyS 2F (GKS Yz2aid AYLRNIFIYydG Fyrteara (G22€ta Ay {YIFIFNI Aa
controls, thecursoris used to find precise values for gngint of interest on any plot. When you position the

cursor over any data in any plahe QursorReadoutAreaat the top of the graphing area displaiygormation
about the data under the cursoafplitude, frequency, or time units depending on the data type).

654.0 Hz (0.53m) -85.36dB
- RTAY ‘ Best Capture Ever! ¥
-84 I\ ‘/\" ﬂl kdnh'l"'hm_ﬂh‘lﬂ | N
g -95 _ ' H"\nl-.mﬁ'ﬁll_LlH

Figure34 - Cursor Readout area, displaying FrequgnVavelength and Magnitude for the data under the cursor

CURSOR CONTROLS

Cursor Data Tracking

2 KSYS@OSNJ GKS OdzNEB2NJ A& LIaAGA2YSR GAGKAY | LX 204 I aON.
extending all the way across the plot. By defaultsttiosshair will follow the mouse cursor horizontally, and

snap to the nearest data value on the vertical axis. If multiple traces are displayed, the cursor tracks the

focused trace (at the top of theorder). You can turn off data tracking for the moveable cufspiunchecking

Command > Cursor > Free Cursor Tracks @atia the hotkeyCtrl/Cmd]+ [Shift] + [F]Additionally, this

setting is accessible in tHeursoitab of the Options > Preferences dialog

On spectrograph plotshe moveable cursocrosshaimalwaysmoves freely in both th&andy axes.

Locked Cursor

LY FTRRAGAZ2Y G2 GKS Y20SIo0fS GFNBES¢é OdzNE2NBmm@sRdz Oy |t a
plot types in Smaart LE (the eptions areSpectrograpliplots and thelive IBpane).When a locked cursor is
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3 ¢ Controlling Smaart and Viewing Data

present, the cursor readout area presents data for both cursors (locked and free) and also displays the
difference between the two in brackets.

49.0Hz -64.82dB 123.2Hz -70.21dB [74.1 Hz -5.39 dB]
RTAY Best Capture Ever! ¥

-60

-7.

n

-8

=

o\ \/}/\'A ) ni\nlgMahmﬂ‘H_.u 2
V/ Vv \J | N Vi,

96 ] o Hh\_l!._d'_-ﬁlulﬂ

Level (dB)

Figure35 - Locked Cursor behavior. The Locked Cursor data appears in black, the Free Cursor data appears in blue to match the focused

data, and the differential data appears in [brackets]

To set a locked cursor, hoJ@tr/Cmd]and click & G KS f 20F A2y @& 2 dz@Rmdively, S
press[Ctrl/Cmd]+ [Plor Command > Cursor > Locked Cursor to Reakt a locked cursor at the highest peak
in the focused traceRemove the locked cursor viaommand > Cursor > Locked Cu@earor the hotkey
[Ctrl/Cmd]+ [X.

TheCommand > Cursonenu also offers an option fdrocked Cursor Tracks Datehidh can also be toggled
via the hotkey [Ctrl/Cmd] + [Shift] + [L]. This causes the locked cursor to track up and down to different
ampitude / magnitude values at the same frequency as the data beneath it chaAddgionally, this setting
is accessible in th€ursortab of theOptions > Preferences dialog

READOUT OPTIONS

Smaart LE offerseveraloptionsto customize what information is displayed in tG@eirsorReadout AreaThese
settings are located ithe Cursortab of theOptions > Preferencekalog.

TheCursor Frequency Readadtting controls what is displayed when the cursor is located in a &equ
domainplot (RTA, Spectrograph, Magnitudzr,Phase.

1 Frequencylisplaysonlyfrequency in Hertz for the data under the cursor position

1 Frequency & Wavelengtlisplays frequency iné#tz and the corresponding wavelength in feet or
meters,dependingon the temperature and distance units selectigpecified in theGeneraltab of
the Preferenceslialog

1 Frequency & Note I@isplays frequency in Hertz and the closest musical note correspgnalithat
frequency

TheCursor Time Readosgttting controls what is displayed when the cursor is located in a time dophain
(Live IR

1 Milliseconddisplays the timecoordinates in milliseconds only
1 Milliseconds & Distanadisplays the time coordinagas milliseconds and as equivalent distance,
based on theSpeed of Sourgktting in theGenerakab of the Preferenceslialog
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3 ¢ Controlling Smaart and Viewing Data

1 Milliseconds &ampleglisplays the time coordinates as milliseconds and equivalent number of
samples based onthe h R Sddrfeid Satpling rate

SmaartLEUser Guide 44 Releas®.1
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CAPTURING AND HANDLING DATA

THE DATA BAR

The Data Bar, which resides along the left side of the program window, is dedicaeddassing and
managing stored measurement data. The Data Bar is essentially a window into the DodSmerag
LBS | G F2fRSNJ 2y &2dzNJ O2 YLJzi SNR& KI NR RNARGS HKSNB

You can hide or show the data bar by:

Toggling the Data Bar entry in thdewmenu

Clicking the corresponding button in the View flyout (first button in the second row)
Using the hotkey [B]

Clicking theéData Barbutton which is assigned by default to the Command Bar

= =4 =4

When the Data Bar is hiddea disclosure arrow appears along the left side of the interface. Click the arrow to
show the Data Bar.

The data bar shows only one type of stored data at a tireéher stored spectrum data when a spectrum
type plot RTAor Spectrographhas focus, or amsfer function data when Mlagnitudeor Phaseplot has
focus. The heading at the top of the data bar tells you which type of data files are currently shown.

Transfer Function E]
B session Data
LE Office 1 MTW.trf

REEeR

1 PRE EQ.trf

Mic vs Mix Out-3.trf
X Best Average Ever!.trf
pd.trf

p3.trf

p2.trf

p1.trf
Mic vs Mix Out-2.trf

IN TIME.trf
OUT OF TIME.trf
Mic vs Mix Out-1.trf

1.4rt
- No Noise

- Reference Data
- Smaarchive

B 2022

B 2021
B= o020

Figure36 - the Data Bar
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3 ¢ Controlling Smaart andfiewing Data

Each stored trace visible in the data bar hasicon colored to match the display color for the trace data. An X
appears over the icon for data that is not currently being displayed in a plot.

You can organize stored data in the data bar using folders andatrédrop operations much as you would i
any file system window on your computer, and you can drag files and folders from the data bar onto a plot to
display them.

CKSNBE Aad Fftglea 2yS ¥F2f RS NIhis sy SesiBréFolde and iKiSthei 2 L) 2 F (G KS
destination for any cajpired measurement data or new folders created during your measurement session.

You can create a new session folder by clicking the thnee(hamburger) menu button at the top of the data

bar and choosingjlew Session Folderou can also drag an existiiotder to the top position in the Data Bar to

YI1S AG GKS yS¢g aSaarzy F2f{RSNWP LF &2dz KI #Sy Qi R2yS (K
you wish to do so. Creating a new session folder automatically creates folders for both Spectriinarasier

Function data, while changing the session folder via drag and drop only applies to the current data type.

At the bottom of the data bar are two buttons. The button with the Info icon is used to opefthee Info

dialog for a selected data file. S&eace Infaon page38. The button with the Trash Can icon will delete any

selected files or folders and their contents. The deleted files will end up wherever deleted files go on your

02 YLJzi SNDR& 2 LAKNGKASYN (K& HI0RxyY I KS ¢ N akK F2N YFEOh{ 2N (iKS

z

Thethreef Ay S 6 aKIF Yo dzZNASNEO YSydz d GKS (2L 2F GKS RFEGE o6F N
management. SePata Bar Menwn page47.

CAPTURING DATA

At any time, you can capture data being produced by a measurement engine to stog@itr data library.
The most common way to capture data is by pressing [Spacebar], but you can also Gsentimand > Stored
Data Traces > Captuoe press theCapturebutton that appears by default on the Command Bar.

WhenCaptureis executed, Smaart capture the output of the measurement engine on the top of the
order in the active plot. Aapture Traceop-up window will display a default name for the captured data
based on the name of the measurement engine that generated it. FEateyor clidk OKto keep the default
name or type the name you wish and then pré&sster.The saved trace will appear in your Session Folder
inside the data bar.

Capture Trace ®

Name: | Best Trace Ever

[ OK J [ Cancel ]

Figure37 - Capture Trace dialog
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Measurement data is always captured directly at full resolution, regardless of the current banding or
smoothing settings, so that those parameters can be adjusted later without any changes to the raw unde
measurement data.

rlying

Note that the measuremerdata is captured at the tim8pacebais pressed; you can take as long as you like

to name the trace, the measurement data has already been captured.

You can use @apture Alcommand ([Shift] + [Space]) to capture the output of all measurement engiras th
are running, visible in the Control Bar, and displaying data in a plot (not hiddenLaptere Altcommand is
also found in theCommand > Stored Data Tragaenu and is assigned to the Command Bar by default.

When aCapture Alls executed, &aptureGrouppop-up window will display a default name for the folder
that will hold all the captured traces. PreSateror clickOKto keep the default name or type the name you
wish and then presEnter. A folder with the desired name will be created in tha@Bar containing all the
traces that were captured.

DATA FOLDER STRUCTURE

Smaart LE produces two main types of stored measurement-datéfiles are saved Spectrum measurement

data, and .trf files are saved Transfer Function measurement data. IfsdedcumentsSmaart LEData

folder, you will find folders labeled Spectrum and Transfer Function which hold captured .srf and .trf data,

NEALISOGiGABSted ¢KS 5FGF . FNI gAGKAY {YFIFNGI Aa |
measurenent inside the Data Bar will do so inside the Data folder as well. The converse is also true.

DATA BAR MENU

Clicking the thredine (hamburger) menu at the top of the Data Bar opamaenucontaininga number of
data operations.

Cl
Hide All ctrl + shift + H [
Copy To ASCII otrl+C
Export To ASCII

Save As
New Session Folder

r Recapture ctrl + shift + spacebar
Rename
Average
New Folder
New Folder from Selection
Import Trace...

Assign Random Color
Open file location

Refresh Data Library ot + R, F5
T !

Figure38 - Data Bar hamburger menu

Hide Alhides al stored traces currently visible in the graph area.

Copyto ASCD2 LJA S&a (G(KS RFGF FNRY GKS aSft SOGSR aid2NBR
delimited ASCII text format, suitable for pasting into a spreadsheet, text editoany other program that
accepts ASCII texASClIl exports of spectrum datansist of three columndrequency, magnitude, peak
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3 ¢ Controlling Smaart and Viewing Data

magnitude (as dictated by thReak Holaptions inSpectrum Graph Settingand column header@ClI
exports of transfer function data include frequenayagnitude phase and coherengaus column headers.

Export to ASCéxports the data from selected file(s) to talelimited ASCII text files. You will be prompted to
choose or create a destinationrdctory for the exported files.

SaveAssaves a copy of the selected trace to some location other than the Data Library. Selecting this
command opens Save Trace BA | £ 23 GKIF G oAttt fSG €2dz oNRgAS 22dzNJ O2YL
you wish to store the data.

New Session Foldereates new session folders for both Spectrum and Transfer function files, to act as the
destination for any newly captured measument data.Selecting this command pops up a dialog box asking
you for a Folder name. When you cliok new session folders with the specified name are creatdabth

the Spectrumand Transfer Functiosubdirectories of the DocumentSmaart LEData folder

Recaptureeplaces the data in the selected trace data file with fresh measurement data captured from the
focused live measurement engiirethe focused plot.

Renameallows you to change the name of a selected file or folder in the data library. Press [Entédriite se
new name.

Averagewill allow you to create an average from stored daéaeAveraing Stored Data
New Foldecreates a new empty folder inside your current session folder.

New Folder from Selectias enabled when one or more saved data fées selected This command creates a
a new folder in theSession Folder and moves the selected items intafier whichthe name of the new

folder is automatically selected for editing so you can simply start typing to rename it. Remember to press
[Enter] to set the change.

Import Tracedoes the same thing &sle > Import > Trace Data Filecan be used to import stodedata files
from other locations on your computer into your Smaart data library, and can colegaty .ref files from
older versions of Smaart, Smaart Pro or SmaatrtLive into .srt or .trfNitbs that the Import Trace dialognly
shows you trace fie matching the current type shown in the Data Bar (Transfer Function or Spectregaky
.ref files carbe eithertype, so if you select a .ref file for import and nothing happens, try switching the
focused plot typeNote also that Smaart cannot importategacy reference group .rgp files from Smaart Pro
or SmaartLive, only individual .ref files.

Assign Random Colwiill give all selected traces a random trace colo® & 2dz R2y Qi t A 1S GKS NBa
the operation again, or of course select a color you likerace Info.

Open File Locatiod LISy a (G KS F2ft RSNJ g6KSNB GKS asSt SOGSWRisiRIFdGlI Aa &ai:
useful for when you want to qakly copy saved measurement data to another location or sent it to a friend.

Refresh Data Librafprces Smaart to reead the contents of its data library folder. If you have made any

changes to files or folders in the Data Library from outside of Snggfartexample, by sorting and renaming

FAL S& dza Ay 3 @ 2dzNJ 2 LIS Nhilél Smadtt ioped, §dil 8a¥ @é thefefrehDats IBHrafy 2 NB NJ
command to make sure Smaart picks up the changes.
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DATA BAR CONTEXT MENU

Thecontext menu that appears wimeyou rightclick anyfile or folder in the Data Bar is mainly a ssift of the

commands detailed ab@y with two additional itemstnfoopens the Trace Info dialog for the selectmta

file (see Trace Info on pa@®8) andDelete which will delete the selected folders and / or files, and behaves

GKS aryYS gleée a GKS RSt SGS ¥Fdzy Ol ARedeleted filek wilyendug dzNJ O2 Y LJ

GKSNBEOPSNI RSt SGSR FTAESa 32 2y @2dzNJ 02 YLJzi SNRA& 2 LISNI G A\
Recycle Bin on Windows.

1 PRE EQ.uf |2

Micvs| Info

X Best A Rename
p4.trf Average
p3.trf Recapture ctrl + shift + spacebar "
p2.trf Copy To ASCII ctrl+C
p1.trf Export To ASCII

Mic vs Save As

IN TIM New Folder from Selection

outol Open file location

Mic vs Assign Random Color

1.trf Delete delete, backspace |
m— ITT [ 1/ 1 Y

T

Figure39 - Data Bar rightlick menu

AVERA&ING STORED DATA

If a folcer and/or multiple saved data files are selected, Smaart will offer to average the selected traces,
including all traces contained within any selected folder. To nseliect files and folders in the Data Library,
you can hold down the [Ctrl/Cmd] key onwdkeyboard while clicking with your mouse, or hold down the
[Shift] key to select a contiguous group of traces. If a single data file is selected or there is no selection,
choosingAveragewill open the full version of the trace averaging dialog, whene gan select individual trace
files you wish to contribute to the average.

In either case, you can entire a name for the averaged tiratlee Namefield, and choose to use either
decibel ¢IB) or Poweraveragingln the case of transfer function averaggsu have the additional optionf
applyingCoherence Weighting the averageand in the case afpectrum averagesou have the option of
applying normalizationThese are the same options available for live averagesSpagal Averagingn page
76 for more information.

TheColorfield will allow you to choose the display color for the tra@nce you clicloK the new averaged
trace data will immediately appear in your session folder in the data bar, and on the foglodéd the
graphing area.
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Trace Average x
4 traces selected for averaging
Name: Avg-1

Color: .

Average as: @ dB O Power
Coherence Weighted

Figure40 - Trace Average dialog

IMPORTING AND EXPORTING DATA

You can import stored measurement data into Smaart by usingntipert Tracefunction in the Data Bar

hamburger menu, oFile > Import > Trace Data Filecan be used to import stored data files from other

locations on your computer into your Smaart data library, and can convert legacy .ref files from older versions
of Smaart, Baart Pro or SmaartLive into .srt or .trf files. Note that the Import Trace dialog only shows you
trace files matching the current type shown in the Data Bar (Transfer Function or Spectrum). Legacy .ref files
can be either type, so if you select a .reé fibr import and nothing happens, try switching the focused plot

type. Note also that Smaart cannot important legacy reference group .rgp files from Smaart Pro or SmaartLive,
only individual .ref files.

Alternatively, you can simply use your operating SystQa F A f $lace didradl inSablireinght data in

the DocumentsSmaart LEData folder, choosing the appropriate subfolder, either Spectrum or Transfer

Function. This is a quick way to import large data sets and nested folders. If you are using yatingpe

a2aisSyQa FAES ONRsaSNI (2 AYLERNIU 2N 2NHI RekdstbData - G g KAf S
LibraryF dzy OG A2y Ay GKS 5FdF . NRA& KIFY0odzZNASNI YSydz 42 SyadzNB

Data export in Smaart LE is handledthia Data Bahamburger menu, or by rigktlicking on the saved trace
data directly. There are several options availallepy to ASCII, Export to ASEid, Save As.

Copyto ASQD2 LJA S&a G(KS RFEGF FNRY GKS asSt SOGQ&ipboasdinzad SR R G FAE
delimited ASCII text format, suitable for pasting into a spreadsheet, text editor, or any other program that

accepts ASCII text. ASCII exports of spectrum data consist of three columns: frequency, magnitude, peak

magnitude (as dictated bthe Peak Hol@ptions inSpectrum Graph Settingand column headers. ASCII

exports of transfer function data include frequency, magnitude, phasecah@rence plus column headers.

Export to ASCéxports the data from selected file(s) to talelimited ASCII text files. You will be prompted to
choose or create a destination directory for the exported files.

Save Asaves a copy of the selected tracesimme location other than the Data Library. Selecting this
command opens Save Trace BA | £ 23 GKIF G oAttt fSG €2dz oNRgAS 22dzNJ O2YL
you wish to store the data.

T OSNY I GA@Stes &2dz OF y &A Wdser to ieatd staredl drbddbuemidihtaifary 3 a&ad S
sharing to another computer. Stored measurement data is located ibtmimentsSmaart LEDatafolder
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on your computer. To open a file browser window directly to the data in question,-ditk the stored dta
in the data bar and choog@pen File Location

THE SIGNAL GENERATOR

The signal generator is the only component within Smaart LE that genenatigst signalsThe signal
generator can generate a variety tafst signals and has a number of optioghen the signal generator is
activated, it will output the desired signal on alltputs on all devices that are currently selectedduntput
Config

LT @& 2 dzelctedd®yontput dievice channels for utiee signal generator will display a popup message
fSGadAYy3 (y2eé GKI G A GonfiQidittdr ih his popup WilNdiing you tive Odtpuityald G K S
of 10 Configo make your device and channel sefions. Sednitial @nfiguration ¢ Selecting Outputen page

17.

CONTROL AREA

The Signal Generator controls inhabit the bottom row of the Control Bar, where a button labeled with the
current signal type selection acts as the On / @ffd will glow red when the signal generator is runnivigu
can also turn the generator on and off using the [G] hotkéwe + and; buttons adjust the generator level,
which is displayed in the level field. Clicking within the level field opens the Signal Generator settings.

. J

1808 [(]+)]

Figure41 - Signal Generator control bar controls

SIGNAL GENERATOR DIALOG

In the bottom left of the signal generator dialog is tBetput Configoutton which will bring you to thé©utput
tab of thelO Configlialog, so you can select output channels forthe genér2 NJ 2 dzaS AF @&2dz KI @
already.

In the upper left of the signal generator dialog iSignaldrop down that allows you to select the type of
signal. Choices afeink Noise, Sine, Dual Siaad File.Some of the available options displayed wally
depending on what signal type is selected.

Stop Gen after Captuterns the generator off as soon asCaptureor Capture Alcommand is executedhis
allows you to minimize the amount of time the generator is on by turning it off as soon as thieegglata
has been acquired.

Fade Irenables a gentle ramp up the desired level each time the generator is turned on.
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Signal Generator [ ]

Signal: Pink Noise  + [J Stop Gen after Capture

[J Speech Weighted
[J Band Limited

Level: -18 . dB O Fadeln

Period: @ Random O Pseudorandom Start Freq:  100.0 |-|+#| Hz
Cycle: 512k Stop Freq: 1000.0 |-|+| Hz
Output Config

Figure42 - Signal Generator dialog

Signal levels for all generatoutput signals arelisplayed relative tmormalized full scale peak, meaning that
the maximum possible amplitude value is 0 dBFS.

SIGNAL TYPES

PINK NOISE

Smaart can generate two basic types of pink noise, which we referRaadomand PseudorandomRandm
pink noise is created by streaming the output of a random number generator through a digital filter network,
much the same way that most hardware pink noise generators work.

Pseudorandom noise signals in Smaart repeat on intervals that are pofiweo samples in length up to'2

(51K samples). Although both random and pseudorandom noise will give effectively comparable results for
the generalreal-time transfer function measurements produced by Smaart ISEudorandom noise has some
mathematical advantageshen dealing withmore advanced measurement features such as synace
measurement found in other versions of Sma&tbwever, pseudorandom noisésa offers the advantage

that it can be bandimited to fit a specific measurement application.

When measuring with pseudorandom noise, you should always select a cycle length that is at least aslong as
the longest FFT time constant used in your measurdnfgimce the longest time constant used in MTW is
approximately 1 second4K would be the lower limit at 48 kHz sample rate. However, it repeats so often that
it may become annoying to listen tBor reaftime measurements in general, a setting of 512KL024Kis

generally a good choice.

There are three spectral options for pseudorandom noise: broadlpamki noise bandlimited pink noise and
speech weightedhoise Pink noise has a spectrum that appears flat oflRarusing fractional octave banding,
and rolls off at 3 dB per octave / 10 dB per decade on abamdeddisplay. Bandlimited pink noise has the
same nominal spectrum across a specifiahdwidth. Checking thBandLimitedoption enables theStart
Fregand Stop Fregontrols, enabling you to specify your desired passband.

1Technically, the random number generator is pseudorandom also, however, given its lengt#tsfanples it will
effectively never repeat.
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Signal Generator ®
Signal: Pink Noise  « [ Stop Gen after Capture
Level: -18 d8  [J Fadeln W] Ezzmitie e
Band Limited
Period: O Random @ Pseudorandom Start Freq:  100.0 Hz
Cycle: 32k « Stop Freq: 1000.0 Hz
Ot Gorig

Figure43 - Signal Generator dialog showing Pseudorandom Pink Noise controls

Speech Weightedoise is pseudorandom noise with a spectral shape based on the idealizetbtomg
idealized average speech spectrum (LTASS) defined in AN$9S3.5

All noise signals are calibrated to normalized full scale, which means the maximum possible amplitude value is
0 dBFSRandom and pseudorandom noise signals are hard limited to emspeako-RMS ratio of 12 dB.

SINEAND DUAL SINE

The options foiSinesignals andual Sinesignals are essentially identical. SelectBigejust removes the
bottom row of controls that is visible whdbual Sings selectedThe relative signal level f@ach tonel(evel 1
andLevel 2is set independently, and the master Level control controls the overall signal level.

Signal Generator [ ]
Signal: Dual Sine  ~ (] Stop Gen after Capture
Level: -18 [-[+] aB
Level: -12 [-J+] &8 Freg1: 500 [-[+] Hz O
Level2: -16 B Freq2: 1000 Hz O

Figure44 - Signal Generator dialog showing Sine and Dual Sine controls

Signal levels for aflenerator output signals are displayed relative to normalized full scale peak, meaning that
the maximum possible amplitude value is 0 dBFS, and the maximum RMS level wQdIBES.

FILE

Fileallows you to use any .wav or .aiff file as a test signhleMUsing filebased signals, simply sgify the file

you wish to use by clicking ttierowsebutton and then specify the output level. Whétormalizeis selected,
Smaart will scale the sight a peak level of 0 dB normalized full scale. Note thatsilyeal is sent identically

to all outputs. If the source file is stereo, only the left channel is used, and the right channel is ignored. Also,
be awarethat Smaart copies the entire file into RAM to provide seamless lopping, so you may want to keep
the filelengths fairly short.

SmaartLEUser Guide 53 Releas®.1



3 ¢ Controlling Smaart and Viewing Data

Signal Generator *®
B File v [ stop Gen after Capture
Level: -18 [-|+] aB
[ Normalize

File: \Documents\AudioData\IRs and Test Signals\MikeGreenClip441.wav | Browse

Sample Rate: 44100 Bit Depth: 16 Samples: 683728

Figure45 - Signal Generator dialog showing File controls

SKINS

Smaart has two builin color schemesthe Default Darkschemethat you see the first time you run the
program, and @efault Lightschemethat usesdark text against éighter backgroundDefault Darkworks well
indoors, particularly in darkened roomidefault Lighimight be a better choice in brightly lit environments, o
when making screenshofer printed documents or presentations.

You carchangebetween themusing theView > Skinmenu, cycle through all available skins using tioekey
[Ctrl/Cmd] + [Shift] + [X].

In addition to the builtin defaults, Smaart alsolaivs you to define custom color schemési & { Ay a ¢ 0 DAk
Skingab of theOptions > Preferencekalog

-3 Preferences

x"f General{ Skins \'Cursor\:'\Zcom":'\ API Y'\Audlc ":'\Aduanced "'-.\

~ Color Picker
Plot Axis fill: I:‘ SPL meter background: I:‘
Plot Axis text: . SPL meter text: .
Plot Area fill: |:| Button fill: |:|
Plot Area grid: |:| Button text: .
Plot Area grid border (focused): . Scroll Bar: I:I
Plot Widget Text: . Component border: .
Measurement Engine: I:‘ Window background: I:‘
Control Area background: I:‘ Dialog background: I:‘
Program Bar background: I:‘
Cursor Readout background: |:|
~ Skin Manager
Default Dark [ Restore Defaulis_|
Default Light [W|
Load
Delete
(oK (‘Aply |

Figure46 - Skins Preferences

TheSkingab is divided into two section§olor Pickeand Skin ManagerTheColorPickersection consists of
color tiles showing the color assignments for various interface elements in the current color scheme. Each
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color tile is a button that opens @lor Selectiomlialog. Color changes take effect immediately when you click
Applyin the color selector.

TheSkin Mangesection lists all available color schem&#ce theDefault Lighand Default Darka { Ay a Ol y Qi

be altered, making a change while one of them is the active skin will credgsvaCustom Skimsing either the
Default Lighor Default Dark skin asstarting point.You can rename custom skirby doubleclickingit in the
list and typing a new nam€&ustom skins update with any changes in real tifitee Restore Defaultsutton
will restore all colors in the custom skin to match either efault Lightor Default Darkskin on which it was
based.Save Asvill save a copy of the skin with a new narheadwill select a skin for use, arideletewill
delete thecustom skin.

Custom skins are stored in tiBocumentsSmaart LESkingirectory as .xml filesso you can move them to
other computers or share them with friends by placing the files in this folder.

INPUT METERS

{ YI | INGiitM&tersdialog is accessible idew > lput Metersor [Shift] + [E]The dialog displays an input
meter for each input that is selected for use in tim@ut tab of IO ConfigThe device and input Friendly Name

are displayed for each, along with a polarity invert buttn¥ G KS Lh RS@A OS & dzJLR NI a

feature (Roland OctaCapture adidient EVO series), additional controls are displayed for phantom power
and preamp gain.

[ X Input Meters
OCTA-CAPTURE | OCTA-CAPTURE | OCTA-CAPTURE = OCTA-CAPTURE
Mic 1 Mixer Noise

DSP
38.0 24.5 30.0 30.0
NS i

B C (v )2 (e (e o)

Figure47 - Input Meters, showing additional gain and +48V controls available when using Roland OctaCapture or Audient EVO hardware

You can toggle the orientation of the input meters between vertical and horizoraaliew > Iput Meters
Orientationor [Shift] + [Alt/Option] + [E].

API

Smaart LE includes an API which allows the sharing afmeaimeasurement datdo third-party programs

and devices, such as system processmfilter design software programsnOptions > Preferences > API

you can click th&€nabledK SO1062E (2 adl NI GKS !'tL NHzyyAy3 |yR
streams available at the IP / Hostname / Port specified insettings. TheStatusindicator turns green to

indicate the API is running
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3 ¢ Controlling Smaart and Viewing Data

ADVANCED SETTINGS

In Smaart LE, a sirgsetting is available in th@ptions > Preferences > Advantal Allow Multi-Device TF
enables you to selegtour measurement and reference channels from different input devices when
configuring transfer function measurement engines. Although thisnsesimes helpful in specialized
situations, it is generally best avoided, as measuring across dednesause clock drift in the measurement,
which can render phase, Live IR data and measurement delay tisesble If your application requires muiti
device transferfunction measurementyou may wish to contact Rational Acoustics supporiassistance.
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4 ¢ Fundamental Measurement Concepts

4 ¢ FUNDAMENTAL MEASUREMENT CONCEPTS

In this section you will find an overview of the fundamental measurement concepts that are critical to the
fruitful operation of Smaart in the field. While we strive to provide a functional level of context, the reader is
encouraged to supplement their aiy of these topics with additional works dedicated to measurement and
analysis. A list of recommended resources is found in the Appendix.

QUESTIONS AND VIEWPOINTS

Conceptually, a measuremeptovidesananswer to a questionThe nature of the question being asked wiill

dictate choice of measurement and workflofhus the firststep in a fruitful measurement processtds

Of F NATe T2NJ &2dzNASt F .AdinSeptjatiz®deistanaliyg ofitiée méasuéethamQddlS | 41 A y 3
available in Smaart will bgour guide.

SIGNAL ANALYSIS VS SYSTEM RESPONSE ANAINGILE VS DUAL CHANNEL
MEASUREMENTS

All measurements taken with Smaatrt fall into two broad categories: sictgd@nel (signal analysis) and dual
channel (response analysig)nderstanding the differences between the two, and when to use each type of
measurement, is of paramount importance to using Smaart effectively. Both samgledualchannel
measurements are powerful tools when applied properly. Conflating or conftisényvo, however, can lead
to poor decisions based on incomplete or incorrect information.

WHY ARE THEY USED? WHAT DO THEY TELL US?

SingleOK I yy St  YSIF adzZNBYSyda |al G§KS OmyheSmpiestderins, thezSa G A 2y ¢
display informationa 2 dzi I &aA 3yl f I KSy OSpedtrkirs measbrddventsiaieisignall t | y I & &
analysis measurements because they simply display the frequency content of a signal. In Sma&im&eal

Analyzer (RTA) and Spectrograph displays are created with-simafieel FFT analysis.

Another type of singlehannel measurement in Smaart LE is sound pressure level (SPL) measurement. When
using a calibrated measurement setup, SPL measurements can tell us about the sound levels that are
occurring at a point in space (Wever the measurement miophoneislocated).

A good rule of thumb is that we should use singi@nnel measurements to answer questions about the

properties of a signal itself. We mightuse asiFQI& | Yy St YSIF adzNBYSy & (2 Ay@Sadaial
enede Aa Ay GKFG aradylrtzé aoKIG A& GKS FTNBljdzSyoe 27F (¢
Ll2ardAzy Ay GKS @SydzSKe

Duakchannel measurements, by contrast to signal channel measurementsparparativemeasurements.

They compare two signals find the similarities and differences between them. In SmaartraBsfer

function measurements are duahannel measurements that are used to compare the output signal of a

device or system to the input signal that produced it. Defannel measuremes therefore ask the

O2y OSLJidzr £ ljdzSaidAzy aoKFi SFFSOU R2Sa (KHhKE RSOAOS 2 NJ

Since we know what went in and what came out, we can determine what happened in betveawialso
when Transfer function measurements allow us to precisely measure time relationships between the two
signals, enabling us to examine phase relationshipsfiadddelay timedor signal moving through systems.
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comparison in a variety of ways.

A good rule of thumb is that we should use dabhnnel measurements to answer questions about the
response of systemor in other words, to study how a system affects the signals passing throlgfe it
mightuse aduaOK | yy Sf
much attenuation is this equalizer providingat 1 kKHz,2 NJ a2 K I
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Figure48 - SingleChannel vs DugChannel measurement

TIME DOMAIN VS FREQUENCY DOMAIN ANALYSIS

¢CKS GR2YIFAY 3INI LK NBFSNER G2

occurring. For example, an audio waveform is a tioloenain signal, because the signal level (be it voltage,
digital amplitude, or sound pressure) varies over time. If we wanted to make a graph of the audio waveform,
we would normally put time on the horizontal)(axis and amplitude on the verticgl) @xis.

Frequency domain analysis of a signal, on the other hsinalys the energy content of the signal over
frequency In this case, we usually put frequency on theibantal &) axis and signal level on the verticgl (

axis.

In Smaart, we can studyoth signals and system responégngle and duaichannel measurement data)
both the time and frequency domains simultaneoudlye ability to sedoth representations at oncat once

is key to maximizing our understandingpat we are measuring.
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4 ¢ Fundamental Measurement Concepts

WHY ARE THEY USED? WHAT DO THEY TELL US?

When anaudio signal (time domaingtransformed into the frequency domainve canview the spectrum of
that signal, or in other words, its energy content over frequerdyis is helpful, for example, when examining
the tonal content of a mix or identifying feedback frequencies.

Insoundsysterthy I ft @3Aa4X | GAYS R2YIAY @ASg 2 mpdserdpameR d& a0 S)
shows the arrival time of energy passing through the system, including any reflections and reverberation that

might be problematicSystem esponse in the frequency domaitrgnsfer function shows us the tonal

response of the systeifmagnitudetrace) and thephase relationship over frequengghasetrace), which

taken together allow us to learn how the system will affect the sigpassing through it. W Qf f hBvita O dza a

read and interpresystem response measurement datea following section.

¢19 a9!{!w9a9b¢ daCh'w {v!! wot

We can nowclassifyall measurements produced by Smatwb different waysg a measurement is either

single channel or dual channel, and its data can be displayed either in the time domain or the frequency
domain.The figure belovillustrates this classificatiorthe top row shows singlehannel (signal analysis) in

both time damain (vaveform,left column) and frequency domaiispectrum, right column). The bottom row

is similar but shows a system response measurement in the time domain (impulse response, left column) and
frequency domain (transfer function, right column).

Time Domain VS. Frequency Domain

Amplitude vs. Time

’ | FFT
W N ﬂ. Mﬂ WWM | |$

Waveform Spectru

Magnitude vs. Frequency

Single Channel
Signal Analysis

VS.

Amplitude vs. Time Magnitude and Phase vs. Frequency

- P S FOUR SGUAREY.
Lin¥ ¥ FOUR SQUARE =
= -
)
H
i
z FFT =V —
3 0 0 o @ W ~ G -
B Frasie i
T Linad e roun sl WIN
e g w

IFT

Dual Channel
Response Analysis

= s 8

Impulse Response Frequency Response

(Transfer Function)

Figue 49 - The measurement “four square", showing time domain in the left column and frequency domain in the right column. Single
channel in the top row and dual channel in the bottom row
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BROADBAND VS BANDLIMITED

Broadband measuremeastare a look at thentire bandwidth of the captured signglthe overall level in the
time domain, which corresponds twaving the full spectrum of data available in the frequency domain.
However, in some cases it is useful to apply blmiting to ameasurement, which allows us to focus on
energy in a particular frequency range. For exampleenmworking with Impulse Response measurements,
Smaart provides the ability to apply a balnahiting filter to the impulse response data, which caiow us to
discern the arrival time and overall tirdomain behavior of energy in a certain frequency band

Another example of bantimited measurementss the ability to measure SPL in octave bands, woffdrs a
more granular look asound pressure level informain over frequency than the traditional broadband
weightings.

SPL / BROADBAND METERS

¢KSNBE I NBE aS@SNYf LX I OSc¢named iNRitdashfigRraiidn afidYiledsiNdineénd Ay G SNF I OS
enginesg where meters display the incomirtigital signal leveln dBFSSignal levels belows0 dBFS are

shown in dark green, transitioning to lighter greleetween-60 and-12 dBFS, then yellow frori2 to -6 dBFS

and red above6. Since the meters are calibrated to normalized full scale peak, the maximum possible level is

0 dBFSIf a clip is detected on any input channel, the entire meter will turn red until the overload condition is

resolved.

. Amazing Engine

-60 dBFS -12 dBFS -6 dBFS

Figure50 - Input meter with color key

At the top of the Control Bar, there ésdocked leveineter, which can instead display a clogky input that
has been selected for use within Smaart can be selected from the dropdown menu énelitsn dBFS
displayed on the meter. For inputs that have been calibrated for SPL measurement, an addiliectadrsef
sound level metrics can be chosas well.

THE FOURIER TRANSFORMHEENGINE THAT POWERS THE ANALYZER

At the heart of modemn audio analysis lies the Fourier transf@armset of mathematical operations that are

used totransform audio signals between the time domain and frequency domalme Fourier transform is

named for 19 century French mathematician and physicist J&aptiste Joseph Fourier, and is based on the

idea that complex signals (such as musicor spgectOlF'y 6S YIFI G KSYFGAOlFtt& aRSO2yaidND
into their component frequencieg sine waves of varying levels and time relationships (magnitude and phase).

In Smaart, Fourier transforms are used to calculate and display the spectral contenteafdmain signals.

20f course, Fourier transforms are also used in many applicatiotside of audio, such as image processing.
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Time Domain Frequency Domain
Complex Waveform Spectrum
= E T
(18
g = ?
Time h hHL N
Frequency
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A -~ A
Sinewaves
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Figure51 - a conceptual representation of the Fourier Transform, which breaks a complex time domain signal into its frequency
components

TIMEFREQUENCY RELATIONSHIPS

Working with discrete Fourier transformsKD or FFT) involves a key tradeoff that centers around the size of

GKS CC¢d ¢KS GOKdzy1¢é¢ 27F aAradylrft G(KFG ,8rSimaCofishRor Ay 2 K.
Time Window Using a longer time record increases the frequency resolution of the measurement, and allows

the measurement to accurately resolve lower frequencies, but this comes at the cost of time resaglation

GKS araylf Qa ASYWSS NBRO 20NRI KRS/ & KoS daYLISR (G 23SGKSNEE €SI OA
multiple events such as musical notes or syllables that might occur within the same time record.

We might decide to use smaller FFTs to increase time resolution and see indikigthatic events, but this
decreases frequency resolution, making it harder to resolve individual musical pitches, and so forth. This
mathematical relationship can be elegantly described with the forilapZ"Qwhere”Yis time in seconds
and"Qis frequercy in Hz or cycles per second.

Q0YQ4 Q o

oe@ & i O(“Vu)ur]\(xo&b A0l QR 6 ¥NWwe GO0 0QE ¢

If desired, this formula can be rearranged for frequency resolution.
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WG £ 16 e 0YRa 0 o
UYEa e GO QR 6 WRHe a6 0 ¢ ¢

C2NJ SEI YLX Sz tSiQa al & ¢ Slonmin yighal soave dalSshiifydtd\electiuyi. If@eC ¢ 2y |
use a 16K FFT (the default for spectmmsasurements in Smaart), and our sample g8 kHz, it will take
about 341 milliseconds to acquire those 16,384 samples (16384/48000 o].341

Both the lowest frequency data point and the spacing of the frequency data points are dictated by the fact

that our FFT has a time record of 341 millisecoids.p¥ Qi St f & dza GKI G 282N FANBGo ®FIGGH L
frequency of about 2.9 HpFT® 1 p,@nd that frequency bins will be spaced about every 2.9 Hz. (The second

data point will beat approximately 5.8 Hz, the third at approximately 8.9 Hz, and so fdftlvg want to

increase our frequency resolutioand extend it to lower frequencies, we need to use a longer time constant

(larger FFT).

1K FFT, 46.9 Hz

FFT Frequency 2K FFT, 23.4 Hz

Resolution 4K FFT, 11.7 Hz

8K FFT, 5.9 Hz

16K FFT, 2.93 Hz

Magnitude (dB)

{Sampling rate = 48k)

1 10 100 1000
Frequency (Hz)

Figure52 - the relationship between FFT size and frequency resolution

DFT, FFT AND IFT

DFTs are somewhat computationally intensive, but in 1965, a new method for more efficient calculation,

called the fast Fourier transforifiFFT), made itgssible to calculate the transform very quickiyhis paved

the way for modern audio analysis, in which a typical laptop computer can continuously calculate multiple

CC¢a IyR RAALI I & (GKS NBadAZ G6a (2 0G§KS diga|SENI AR NSy i AovSady
Fyrfel SR G2 O2ydlAy | ydzyoSNI 2F al YLX Sa Sljdzt G2 + Lk2g
amMcYé0 YR a2 FT2NIKO®

¢ KS CC¢ Aa O2vyyzyte FddNAOGdZiSR (2 WIIMSal {232 NR(RKYS 8F 2 NORI K2 KW G
Ot OdzA FGA2y 27F Orhdugiitie meto@ dahded Niscoveredlyens eadier by mathematicians including
YI'NI DlFEdzadas AG 6FayQd LINF OGAOFE (2 SESOdziS dzyiiaf GKS | RSy
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The Inverse Fourier transfor@tF1) ¢ is used to reconstrct time-domain signals from spectral datéhis
bidirectional relationship between time and frequency domains allows a wide range of possibilities for signal
processing and analysisince the signal can be transformed, processed and displayed in whichever domain is
more helpfulgiven the task at &nd, and what we are hoping to learn from the measurement.

COMPLEX DATA

The DFT and FFT mathematics take in a discrete time domainamghpioduce a series of complex data

points in the frequency domairComplex dataneans that each frequency datapoi@ 6 A y ¢ 0 A& RS&AONR O
pair of numerical values, or complex coordinatésS NY S & NBRF faA Y Ay | NBé Tani KS LI A N
indicate alocation on awo-dimensional plane such aggeaph or a map

Complex coordinatesan be stated agectangula coordinatesor aspolar coordinatesRectangular

coordinates indicate thdata point in an (X,Y) format, and is familiar to anyone who has done some graphing
in math classAlternatively,the same data point can be indicatedpolar format as a vectorwith one number
indicating the distance from theeferencepoint (Magnitude), and the other indicating the angle of rotation
(Phas@. Since we graph the magnitude and phase data on two separate plots, it might appear that they are
two unrelated quantities, but in reality they are each tellinghadf of the entire mathematical rday, which is
described by the combination of both the Magnitude and Phase data at each frequency.

When we loolkat spectrum data on an RTA or Spectrograph pletare seeing thenagnitudehalf of the
complex datawith no indication of phase. When a dw@lannel measurement is produced, themplex data
in the measurement and reference signalsasnpared to produce theelative phasalata that forms the basis
for the phase trace displayed in Smaart.

SPECTRUM MEASUREMENTS (SINGLE CHANNEL)

Spectrum measurements produce information about the energy distribution in a sjdhat is, which
frequencies are present in the signal, and at what lev@tectrum measurements are useful when we want to
dddzRe | aA 3yl freQonandeg@nd feédhatks of wahtR Sistal doffigmationdmK I G 6 S QNB
hearing at a locationin Smaartthe RTAand Spectrograplplots are both spectrum measurements.

RTA

The realtime spectrum analyzer, dRTAjs a familiar tool to most audio professionals and prolyaneeds

little introduction. It enables you to see frequency content of signals morsgmhoment in real time.

Essentially, th&TAis a graph of the energy in an incoming signal, broken down by frequency or frequency

ranges, with frequency in Hertz ohéx axis and magnitude on theaxis in decibels. The graph is updated

continuously whenever at least one spectrum engine is running, to produce-timeatisplay. By adjusting

GKS a0ltS IyR I @SN IAy3 27F GKS réspoashidinesddtthes S OF Yy NBTFAY:
measurement to suit different tasks. The RTA is the audio measurement that most closely corresponds with

the human hearing mechanism, which explains its near omnipresence at mix position at live events.

Banding

Fractionaloctavebanding aggregates all the data points witldmgiven bandwidthgne octave wide, 1/3
octave wide, 1/12 octave wide, etc) into a sintdeel for that bandBanding can serve to illuminate overall
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trends in thedata, and, when displayed on a logarithmic le$y O& | EA &4 X LINPRdz0OSa | RA&LIX |
& 2 dzy IR dthertwords, the fractional octave banding correlates better with human hearing perception.

Banding is a display parameter for spectrum measurementdsan inherent part of theinderlying
measirement data Spectrunmeasurement data is always calculated, captured and stored at the original FFT
resolution and the banding can be changed after the fact without alteringstibeed measurement data.
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Figure53 - Fractionaloctavebanding vs raw FFT data on a logarithmic frequency scale. The lighter green bars show the 1/12 octave
banded RTA measurement of pink noise. The darker green line shows-thended view of the same data. Tharging is what makes
GKS LAY y2AaS FLIISENI aFtl (¢

SPECTROGRAPH
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content of a signal changes over timighe spectrograph expands upon thtlity of the RTAby displaying a

AONREtEAYI RAALI I & 2F O2y (Aydzmzdz® LIEROE NRYzY2 ¥FSRadaNBYSy i a
the RTA, where the color indicates the heigheath barin the realtime mode spectrograph, frequency is

across the horizontakj axis time scrolls verticallyy(axis), and level isdicatedby color. In Impulse Response

mode, the horizontalX) axis indicates time, as is true for the other Impulse Response plot types where time

runs from left to right. Frequency is on tivertical §) axis andevel is indicated by color.
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Figure54 - Spectrograph Dynamic Range control widgets
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THE TRANSFER FUNCTION (DUAL CHANNEL)

Thetransfer function measurement is a duethannel measurement that is created byngearing the output
signal of a device or system to the input signal that produced it.-Ehehnel measurementherefore allow
us to study how a device or system affects signals that pass through it.

The two inputs that are compared to produce the tragrsfunction measurement are called the Reference
Signal and the Measurement Sigriethe reference signal is the signal that is sent into the system as the basis
for comparison, while the measurement signal is captured at the output of the sygteRFT ithen

performed on both the measurement and reference signals, and the resulting compleisdstad to

generate the views of the system response.

THE VIEWS OF THE SYSTEM RESPONSE

The system response can be described and displayed in a number qfeagyproviding unique insight.
Taken together, we receive a wholistic understanding of the system under teste &re four components to
atransfer functionmeasurementisplayed in SmaarMagnitude, Phaseé;oherence, and Live IR.

MAGNITUDE

The transfer function Magnitude graph shovedative gain and attenuation in the response of the system

under test at each frequencyf.the reference and measurement signals are identical in level at all frequencies,
the magnitude trace is a flat line &tdB. If there is an overall level difference between the two signals, that

flat trace will move up or down on the graph. Up means the measurement sigra@hiag in at anigher level

than the reference signgbystem output higher than system input), adown means the oppositéf the

system under test (SUT) produces relative gain at some frequencies and relative atteratatibars (as is

the case with real world sound systems, equalizers, and so forth), the magnitude trace will deviatéhabove
centerline of the measurement at frequencies where there is a relative gain, and dip below it in the regions of
attenuation.

PHASE

The transfer functiolPhasegraph shows the phase portion of the frequency response of the system under
test (SUT). Phase is ped with frequency in Hertz on theaxis and phase in degrees on thaxis. Phase, or
phase shift, is a measure of the relative time relationship between two signals as a function of frequency,
expressed in terms of cycle time. Like tlagnitude plot, the slope of the phase trace is flat when the refence
and measurement signals are identical and arrive at exactly the same time.

With a few exceptions, the key to reading the phase trace is not to focus on the degree values themselves, but
instead to pay #ention to the slopeof the trace.

1  When the phase trace slopes upward, energy in the measurement signal is arriving before energy in
the reference signal.

1 When the phase trace flattens out, that represents that the two signals are arriving at the same ti

1 When the phase trace slopes downwards, energy in the measurement signal is arriving after energy in
the reference signal.

If you simply remember and internalize these three simple points, you will be able to easily decipher phase
data in thefield.
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Figure55 - Uniform (linear) delay on a linear frequency scale.

When there is a uniform time offset between otherwise identical signals (perhaps measuring a digital
processor that is set to bypass, so it simply reprodulesnput signal at unity gain after a brief processing

delay), the phase trace is a straight line on a linear frequency scale. When it is sloping upward or downward at
a constant rate of change, steeper slopes correspond to greater time offsets.

On a logrithmic frequency scale, the straight line becomes a curve and the wraps become more tightly
packed as you ascend in frequency, but the information is the same.
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Figure56 - the same phase traces shown on a logarithmic frequency axis

¢KS LIKI aSsS igtatio funstof td tdpldréoottom of the graph periodically and reappears on the
opposite side; because we are viewing cyclical data that spans 360° on a flat,gsaphe have to have an
edge somewhere (not unlike how a map of the world has to have an edge somewhere).
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If you imagine cutting out the phase graph and gluing it to a paper towel tube, you will see that the phase data

is inherently cyclical in nature. Waait the tube somewhere and flatten out the plot so we can read it. Out of

convention, we split the plot along the 180° line, so 0° spans the centerline of the plot and 180° is at the top

and bottom edge. If you click in the phase plot and use the Up ameh2rrow keys on your keyboard, you

Oy aNRBffe¢ GKS LIKIFIaS GN¥XrOS G2 asSS Aida OeOf A@hdf y I {dzNJ
slicing it at a different point.

Conceptually, the phase trace is like a clock that only has a secoihan{ dzOK | Of 201 Ol y Qi RA
many minutes have elapsed, but we can discern that information by counting how many times the second

KFryR a6SSLJ | NRPdzyRd Ly GKS alryS glexr 6S OFlyQi RAAOSNJ
frequency. By looking at the relationship between multiple data padritee slope of the line; we can begin to

see the telltale signs of time offset.

C2NJ SEI YLX S tSiQa alé& 2dzNJ YSIF adzNBYSy i | yR NATSNByOS
that 25 millisecond offset corresponds to half a cycle (180°). At 40 Hz, the same time offset corresponds to a

full cycle (360°), but 80 Hz, 160 Hz, 320 Hz, and other multiple frequencies also complete full cycles in that

amount of time. Since our plsa trace only spans a 360° intervdl0° to 180°), we could expect any

frequency that has completed one or more complete cycles to have a value of 0°. The phase trace would

therefore be wrapped (the telltale indicator of time offset) and pass througat @0 Hz, 160 Hz, 320 Hz, and

so forth. We have much more useful information from looking at the entire trend of the trace than by trying to

look at individual data points.

Up until now, we have been discussing phase shift in terms of two otherwisegdésignals arriving at

different times, but of course most things that we measure with Smaart do more to an input signal than
simply delaying it. When audio signals flow through the System Under Test, they are typically filtered in some
way ¢ that is, theresulting signal well have more energy than the input signal at some frequencies, and less at
others. You can think of transducers, loudspeakers, and even entire sound systems as bandpass filters. All of
these devices allow energy that falls within somegiiency range to pass, while energy outside that range is
significantly attenuated.

In physical systems, any process that affects the spectral content of a signal also affects its timing. In other
words, you cannot change magnitude response without alsmging phase responge.

With the sole exception of symmetrical FIR filters, we can expect that all analog and digital filters, along with

any other process that affects the frequency content of a signal, such as air loss or acoustical reflection

produce an asymmetric impulse response. That is, they all affect the timing of the signal differently at

different frequencies. The phase response of a bandpass filter, for example, typically leads at some

frequencies, lags at others, and istime in between, so when you need to align two bandpass filters in a

systemcg KSGOGKSNI AGiQa (62 RNADSNEI aXSQABOAWNBOEADt 2NWRgBDISY
AAY3IES NRIAKG FyagSNI GKFEG ¢g2Nya Fa €t FNdwaasheOA Saod | ;
two systems to align, which is where the phase display comes in handy.

4 At this point, astute readers may wonder how lingdrase FIR filtering fits into this puzzNo laws of the universe have
been violated, however, and T = 1/f remains in effect: changing the signal in the frequency domain has an effect in the
time domain as welt in the form of delay. Linegphase FIR filters are designed with a symmetricalisgresponse that
induces the same amount of phase shift forward and backward, so the phase shift in the back half of tbéddterly
cancels out the phase shift in the front half. The price to be paid is an overall delay time as the IR péak isasthi in

time, which limits the applicability of FIR filters in live sound reinforcement environments, particularly at low frequencies
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COHERENCE

Coherence is a statistical evaluation of the causality or linearity between the reference and measurement
signals in a transfer function measurement. You canktiof it as a data quality indicator. Cohereroam

detect contamination of the measurement signal by unrelated signals such as background noise or
reverberation, and it is sensitive to timing mismatches as well. We use it in Smagtigethe quality of
transfer function measurement data for every frequency data point in real tiBiace some of the factors

that negatively impact coherence (noise and reverberation) also negatively impact speech intelligibility, the
coherence trace serves as a usefuliaador of system intelligibility as well.

The coherence calculaticha a Sy G At & Fala GKS jdzSadAaz2y al 26 YdzOK
YSFadzNBYSy G aAraylrft 4 GKAA FTNBIldzSyoe ¢l a OF dzaSR o@

0 and 1 which Smaart displays as a percentage. A value of 100% indicates perfect correlation between the
two signals and zero means there is no discernable relationship betthean

In Smaart, the coherence display is plotted in the upper portion of the Madeigraph with frequency on
the x axis and coherence as a percentage value between 0 and 100 grati® Coherences is always
calculated for all transfer function measurements lisibnly displayed for the topmost trace in the grapm
other words, he trace whose name appears in the upper right corner of the plot. This could be a live
measurement or a stored trace, whichever is currently at the top ofztbeler.

The little arrowheaeshaped widget pointing at the coherence scale on the right side of the Magnitude graph
sets the threshold for the coherence blanking function. Coherence blanking removes questionable data from
magnitude and phase traces at any frequeriier which coherence does not meet or exceed the specified
threshold. You can clignd drag the widget up and down with your mouse to change the threshold.
Alternatively, you can change the numerical value in@ud Blanking Threshold (B@x inTransfe Function

Graph SettingsCoherence blanking works for all displayed traces, not just the one on the top abtider,

andit workseven if the coherence trace is not displayed.
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Figure57 - The red trace across the top of thdagnitude plot is the Coherence trace. Note the vertical scale displayed in the upper right
of the plot.

Causes of Poor Coherence

There are three main factors that are the most common causes of a drop in coherence
The first is a problem with the measurement or the measurement system. A timing mismatch between the

measurement and reference signaldl manifest as a drop in coherence if timing mismatch is a significant
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fraction of the measurement time windov&madl timing mismatches might not be very visible when using

large FFT sized/hen the coherence trace is generated from a Muilthe Window (MTWIFFT array, as it is in

Smaart LE, timing mismatches cause coherence to drop first at high frequencies, sihighthst frequencies

use the shortest time windows, and larger time offsets extend the drop to lower frequencies, creating a

OKIF NI OGSNRA&AGAO aadlkAN adSL¥E LI GGSNYy GKFG Aa F aGaStt 4l

The second cause of lowlwerence is environmental noisAny components of the measurement signal that
are uncorrelated with the reference signélackgroundhoise HVACgonstructionnoise, people talking near

your measurement microphonetc) will have a negative impact on coherence. The solutions are to either
measure at a highdevel (to increase your advantage over the noisefind a way to reduce the background
noise (by shuing off the HVAC systems asking the people talking near you microphone to take a break)
Using more averaging will probably not increase the overall coherence but it can have a stabilizing effect on
the coherence trace.

The third cause of lowoherencein a measurement is reverberationyibu have ruled out issues with your

measurement system, and coherence does not improve when you measure louder, the likely culprit is

reverberation. Reverberation is a ndinear phenomenon but increased proportionallvhen the excitation

sound pressure is increasedneasuring louder will not improve the diretti-reverberant sound ratio. There
GeLAOrtte AayQd YdzOK &2dz OFy R2 | o-éoteienck imeasuleryidRt A (G Qa A"
in a reverberantsp OS  Jadyn@asurdmer® A @d@uiatelmgasurementdf a reverberant space.
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measurement signal, for example, if a system under tespislinear and outputting a distorted signal. In that

case, since the distortion products contribute to the overall energy at certain frequencies, we would see a

drop in coherence at those frequencies because the signal to noise ratio has been degdyidlumagh this is

unlikely to be observed in typical reaforld measurement conditions (as the level of distortion would have to

become quite severe and audibly objectionable before it caused a discernible difference in the coherence

data), it is often visible uder controlled circumstances (test environments that eliminate the three usual

causes of low coherence), such as &€S72022standardfor measuring loudspeaker maximum linear levels

using noise.

LIVE IR

TheLive IRbaneshows thempulse response of the system under teghe time domain representation of its
frequency response continuously recalculated in real tim&heLive IRgraph shows time in milliseconds on
the x axis and amplitude / magnitude on thyaxis When the plbois set toLin(Linear),amplitude is shown as

a percentage of digital full scale (values between 1 dndwWhen the plot type is set tbogor ETCmagnitude

is shown in decibels.

The center point of the time axis is determined by the current measurgrdelay setting of the transfer
function engine being displayeéfor stored traces, the center point of the time axis corresponds to the
transfer function engine delay setting at the time the data was captured.

The logarithmicl{og view is probably thenost familiar to anyone who is accustomed to looking at acoustical
impulse responses or IR reverb plugins. The view shows arrival time of the direct sound and the following
reverberant decay, plotted onaxis in decibels.
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The linearl(in) view is usefufor identifying discreteeflections anctan reveal polarity. For example, If you
measured two loudspeakers with matched magnitude responses but unmatched ppjaxityvould note that
the prominent peaks in the linediive IRiiew would point in opposite directions.

TheETGr/iew (Energy Time Curve, also sometimes called the Envelope of the impulse response) represents the
magnitude of the energy arrival over time Ignoring phaseThe textbook description is that tHeTQlata is

the real impulse response combined with its Hilbert transform (a copy roated 90° in phas®)e practical

terms, ETC view tends to fill in the zero crossings seen ihdfeiew of the R, producing a display that is

easier to read.

IR Peak
IV |—ETC Peak
+100% 0

~Actual Arrival —|

Magnitude (dB FS)

0% -r*

Linear Amplitude (% Full Scale)

* r = maximum dynamic range (given bits/sample)
-100%
Time - 0O ms

M Linear Impulse Response
B Logarithmic View of Impulse Response

B Energy Time Curve (ETC) with Logarithmic Amplitude Scaling

Figure58- A comparison of the ETC and the impulse responmse with linear and logarithmic amplitude scaling

ThelLive IRane is only shown wheatt least one frequency domain transfiemction plot is visibleNlagnitude

or Phasé. The pane is hidden when there are Magnitudeor Phasetype plot displayed, and also when it is
hidden by deselecting thiive IRbutton in the View flyoutAlternatively, this setting can be toggled by checking
or unchecking thd®isplay Live IBheckbox irDptions > Graph Settings > Transfer Function

ThelLive IRlata is calculated independent of the frequency domain transfer function data arshsid affeted
by theAveraging Deptlsetting in the Control Batn Smaart LE, the Live IR is calculated using an 8kitFFZ
FIFO averaging.
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MEASUREMENT ISSUES

MEASUREMENT SIGNALS AND SOURCE INDEPENDENCE

Although there exist other mathematical methods by whidmisfer function data can baerived the dual

channel method has a unique advantage in thatllows the system response to be measured using any

suitably broadbandignal material. The measurement therefore does not require any specific or particular test

signal to be used the reference signaimply acts to provide a copy of whatever is being sent into the

system, so it can be compared against the measuremenakighis means that a duehannel measurement

can be produced using many varieties of noise, music or other sign&st & LINP LISNIieé Aa GSNI¥SR
AYRSLISYRSYy 0S¢ 2 NJ dankeptyalyfspedkyidk td afafyReSdped Bot care what signal is

being passed through the system, as long as it is provided a copy.

The obvious qualification is that the signal being used must contain sufficient eaettyy frequencies of

interest to produce a measurable output form the system at those frequenciesexaonple, a recording of a

flute playingor a soprano singing is not a good choice when measuring subwoofers, because those signals

contain very little energy in the subwoofer range. For this reason, pink noise remains a popular cho¢ed for

time dual dvannel transfer function measurement due to its spectral densy2 dz R2y Qi KI @S (G2 &I
long for your measurement to fill in because pink noise consistently contains energy at all frequencies.
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in the portion of the signal path that we choose to measurer example, iWive tapped our reference signal

FNRY G(GKS YAEAYy3 O2yazft SQa s dr digdals beforeyhey |daidhO®msdler y I 0 K|
would not show up in our measurement, and the console itself would not be considered part of the system

under test (SUT) in that configuration. Therefore, we must choose our signal tap points very carstedlyba

what we are trying to measure, and we must always be aware of what is, and what is not, included in our
measurement loop.

DELAY COMPENSATION

Delay compensation is a crucial factor in transfer function measurement. The reference signal for the
measurement, regardless of source, is typically connected directly to our audio interface either electronically
or digitally, meaning that it travels through a piece of wire to the input of the measurement system, and
arrives virtually instantly. The measment signal, on the other hand, is the output signal of the system under
test, so it is subject to delay from filtering, latency, processing, any intentionally added alignment delay, and of
courseg in the case of acoustical measurementgsropagation déy, or the time it takes for the sound wave

to travel from the loudspeaker through the air to the measurement microphone, which happens at the speed
of sound.

All of this can introduce time offsetpotentially tens of milliseconds between the referenceignal and the
measurement signal, and since our goal is to compare the two signals, we must compensate for that offset
inside Smaart by delaying the reference signal to match the arrival time of the measurement signal. Every
transfer function measuremergngine in Smaart has a buift delay line just for that purpose. Delay times for
each transfer function engine are displayed in the small numerical field immediately to the right of the
SYy3aAaySQa AylLdzi airdaylrtt YSGISNERO®

Smaartincludes mechanisnt® automaticallydetermine and compensate for delay in the measurement loop.
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Delay Finder

The Delay Finder is activated by clicking Bivedbutton on the focused transfer function engine in the Control
Bar,via Command > Activate Delay Trackethe hotkey [L] The measurement engine should be running and
the signal meters on the measurement engsieuld show reasonable signal levels for measurement and
reference inputs to the engind.heDelay Findewindow appears and Smaart runs the measurement
procedure and displays its results when finished.

Delay Finder %

100%

FFT Size: 64k / 1365 ms (1 average) ETC D

Measured Delay: 292ms (1.00 m)

Current Delay Setting: 0.00ms  (0.00 m)

Delta Delay: 292ms  (1.00 m)
[ Insert ][ Find Delay ][ Advanced ]

Figure59 - The Delay Finder dialog

If the measured delay time seems reasonable and you are happy with the results, clinkghéutton to set
the active transfer function engine to the determined delay time and close the dialog. You can al$énclick
Delayto run the measurement again @ancelo close the dialog without changing engine delay tiffiee
Advanced button opens thAdvanced Delay Findésee below).

TheETQheckbox tells Smaart to use the Envelope Time Curve of the impulse response to locate the peak
energy arrival, rather than thinear IR itself. This will often result in a slightly different delay time, arel o
may provide a better answer than the other in a given situation.

You can set the FFT size and number of averages for the basic and advanced delay via the Delay Finder control
group inOptions > Measurement Settings > Transfer Funcfidre default i 64K FFT with no averaging,

which works out to a time constant of 1365 ms at 48k sampling rate. This is sufficient for finding delay times at
distances up to about 450 feet (140 meters) from a souraegood rule of thumb is that the FFT time

constant slould be least three times greater than the expected delay time. When measuring from extremely

long distances or using a sample rate greater than 48k, you may need to increase the FFT size. When working
in very noisy surroundings, increasing the numberwdrages may help as well.

Delay Tracker

{YF]NGIQa RStl & GNIOlAYy3d TSI (GdzNB Aa RSaArsistibriz (2 1 SSLI N
where the delaytime may change from moment to moment, for example in windy conditions, when the

microphone is being movedar if the PA is swinging. It can also be uses as a quicker gay teeasurement

delay under well behaved measurement conditions when the new delayevaliwithin abou0milliseconds

of the current value
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Figure60 - Delay Tracker controls. The Track button in the focused measurement engine will activate the delay tracker for that engine, a
will the circle icon to the righof the delay field. The Track button at the top of the control bar near the measurement controls activates
Tracking for all transfer function engines.

The small circle to the right of the delay time field in the measurement engine indicates the stahesdlay
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Click the tracker circle once to activate it momentagihe circle will turn yellow, and the tracker wilin
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three times in a row, it turns itself off. Doubtdick the tracker circle to latch it onthe circle will turn red, and
it will continue trackimy the delay time until you turn it off.

Advanced Delay Finder

Clicking theAdvancedoutton in the basid®elay Findedialog opens thé\dvanced Delay Findeindow.

Advanced Delay Finder (TF Engine) ‘ ‘ .
2.94 ms (1.0m) -11.66dB 232.69 ms (80.0 m) -58.54dB [229.75 ms (78.9 m) -46.88 dB]
ETG W Filter 100 Hz
12
-24
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oy,
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72
-84
-96
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| I Lo I _ ) TF Pair:
M TF Engine  +
Measured: 2.94ms (1.01 m)
Current: 0.00ms (0.00 m)
Delta: 2.94ms (1.01 m)
[ Find ] [ Insert ]
MooR
Delete | [ ClearList | [ Close |
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Figure61 - The Advanced Delay Finder window
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¢tKS ' RGIYyOSR 5Sfl@ CAYRSNIGAYR2g Aa NBaiAllofS FyR aY2R
other Smaart windows. The most obvious feature of the advanced delay finder is that it shows you a graph of

the IR measurement instead of just telliggu the peak time. The graph type selector in the upper left corner

gives you a choice of linear (Lin), Log or ETC plot type. The cursor readout abpiat shews thefixed

cursor coordinates on the left, movable cursor coordinates in the center amd¢fta between the two on the

right. You can move the fixed cursor position by holding down the [Ctrl/Cmd] key on your keyboard while

clicking on the graph with your mouse and the found delay time will change to match the new position.

Clicking the Filtebutton in the upper right corner of the graph runs a eoetave bandpass filter on the IR,
centered on the frequency specified in the text entry field to the right of the buttéinis might be the
crossover frequency between two systems that you wanalign or any other frequency that you would like
to isolate.

The control group in the lower left corner of the window presents the same information as the basic Delay
Finder window. An IR measurement runs automatically when you open the Advanced Ddieywindow

but you can reun the measurement at any time by clicking the Find button. The Insert button inserts the
found delay time as the reference signal delay for the selected transfer function measurement signal pair.

Clicking the Store button addise found delay time to the table to the right. The table below the graph is a
relative delay time calculator. Checking the TO box next to any entry designates it as the time zero reference
YR NBOIFfOdAFGSa Ffttft 2F GKS NBftFGAGS RStdF opov GAYS ty

The TF Pair selector to the right of the table enables you to select another transfer function signal pair to
analyze. Note that changing this selection automaticallyures the IR measurement. The level meters show
you measurement and reference signaldés for the selected input signal pair. The Close button closes the
window.

AVERAGING A POWERFUL DATA ANALYSIS TOOL

Averaging is a powerful method for stabilizing measurements, emphasizing trends, and suppressing noise.
There are two types of averagimgthin Smaart: temporal and spatial. Both help highligiitat isconsistent

and suppress the variance in a groafpmeasurements. Spatial averaging highlights trends over a physical
area, and temporal averaging helpveal consistency within a series otasurements taken from the same
location.

TEMPORAL AVERAGING

Temporal averaging means averaging a measurement over some period of time. When taking acoustic

measurements, there is often a significant amount of noise mixed in with the signal we arettryimegasure,

GKAOK OFy YIF1S SIFOK GFNIYSéE 2F YSIadaNBYSyid RAFFSNI FNRY
fluctuate and jump around on the screen. We would refer to this noisy,4@dBS R G N} OS & 'y dadzyal
measurement.

Smaart is a redime audio analyzer, so it will keep measuring until we tell it to stop. When these successive
frames of measurement are averaged together, the signal components are reinforced, while the random noise
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tends to average itself awayThis has the effect of stillzing the measurement, making it smoother and
easier to read.

The tradeoff is in responsiveness. Measuring a system response in a highly reverberant environment might
require more averaging to stabilize the measurement, but changes we make to the syesttémgys, such as
equalization or delay, will take longer to be reflected in the measurement, as new data and old data are
averaged together.

One important thing you can do to speed up the process when measuring in a noisy environment is to press

the [V]key after making a change to the system. This flushes the averaging buffers and resets the average,
OFldzaAy3d GKS YSIadz2NBYSyid (G2 AYYSRAFGStE & NBLRLMzZEFGS GA
the older data to fall out of the average beforewsee the result of your changes.

For electronic measurements, very little averaging is typically required, as noise is not often a significant issue.
For acoustic measurements, more averaging is usually required to help stabilize the trace against the
contributions of noise and late reverberant energy.

POLAR VS COMPLEX

Since transfer function data @jmplex in naturgseeComplex Datan page63) there are two mathematical

approaches to averaging the magnitude de®alarand Compéx Polar averaging calculates decibel

magnitudesat each frequencyor each incoming measurement framand then takes a moving average of the

result. Complex averaging keeps two separate running aveges 1 KS aNBIF f ¢ Ty R GAYF IAYL
complexsignal, and then calculates magnitude and phase from those averages.

Although these two treatments are equally vafidm a mathematical standpointhey can produce slightly
different results in variousneasurementonditions.Polar averaging (sometimeslledRMS Averagingends
to be more stable iradverse measurement conditions suchimshe presence oWind, HVAC air currents or
swinging loudspeakerand will allow more reverberant energy into the measurement. Complex averaging
(sometimes called/ector Averaginhas better noise immunity in general and tends to exclude more
reverberant energy from the measurement.

In favorable measurement conditions, the difference tends to be rather minimal, however the option can be
setindependentlyfor each transfer function engineo it is easy to compare them in real time, to see if one
gives you a better answer than the oth@oes in a given situation.

FIFO VS INTEGRATING

CKSNBE NS (62 RAFFSNBYy(d I+ @SNF IAyYy IcFFrdak hivgiatiiab R Ay { Y|
LINE RdzOS RAFFSNBYy(l GAYS R2YFIAYy GolfftAraagrdasdo

A FIFO (First In First Out) averagiso known as a Simple Moving Average, always averages together some

number of the most recent measurement frames with equal weight. The oldest frame falls out of the
measurement when a new frame comes in, hence the ndfn@u set up an RTA and clapuytands near

5When two successive frames of measurement are averageck the signais correlated with itself, it sums cohamtly
(+6 dB) while the noise is not, and only increases by 3 dB. Thus each doubling of the number of averages will theoretically
increase the signal to noise ratio of the measurement by 3 dB.
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the microphonea FIFO average will cause the level to jump up and remain high until the clap energy falls out
of the averaging buffer, then the display will drop back down.

Anexponentialintegrath y 3 F @SNI 3S3 a2 YS{A ¥ SPproddded ky SvBragingtheeBremt SA IK G A ¥ -
YSIF adzNBYSyid FTNIYSI gAGK I OSNIIFAY 6SAIKGAY3T FILFOG2NE AY
Therefore it could be said that newer data has more weight in the avet@geceptually, you might thindf

an exponential integrated average as how it takes some time to charge a capacitor, for your furnace to warm

up your house, or for a boat to turn after the rudder is changed. The system is always tending towards the

yS¢g aill 6§S3 odzi A& Ki2a AFIZ2 YIS 1SYadohenagSuipesaf thi® beliaGide is thak I

natural damping effect of the needle on a VU meter.

Spectrum engines in Smaart LE offer the following averaging settings:

1 Noneis no averagingand each measurement frame is display@dequence.

1 Fastmimics the behavior of th&PL Fashtegration on sound level meters, which has a time constant
of 0.125 seconds.

1 Slowmimics the behavior of th&PL Slowtegration on sound level meters, which has a time
constant of 1 second.

1 Infinite isinfinite averaging, whiclntegrates continuously until the averaging buffer is flushed.

Transfer Function engines in Smaart LE offer the following averaging depths:

1 1=2FIFO
1T 2=4FIFO
T 3=8FIFO
1 4=Slow
T 5=1Sec
1T 6=2Sec
T 7=3Sec
1 8=5Sec
T 9=7Sec
1 10=9 Sec
1 Inf =Infinite

SPATIAL AVERAGING

While temporal averaging averages measurements taken from a single location over time, spatial averaging

averages measurements taken at different locations. This is useful to help separate syspamse from

f20FtAT SR FLy2YFftASa 200dzNNAyYy3 G airy3dtsS t20GAz2yasd { L)
0SipvsSSy GKS&asS LlariliAizyakKks
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DB VS POWER AVERAGING

Smaart offers two choices for averages: decibel magnitude (dB) or Power. The distinction lies with what type
of data is used to calculate the average. Decibel averaging (sometimes called arithmetic averaging) is a simple
average of the decibel magnitudeluas at each frequency. Power averaging is an average of the squared

linear magnitude values at each frequency, with the result converted to decibels.

Conceptually, dB averaging produces a result in which all the contributors are equally wejgtmiednight

are GdKIFG AG ONBFGSa Y2NB 2F || aO2yaSyadzaé GASHI g KSNI
contributors with higher levels. In the context of evaluating sound system frequency response, power

averaging works best if all the measurements beingaged are similar in level. Otherwise, its natural bias

towards higher magnitudes means that any measurement that is significantly higher in level than the others

will tend to dominate the result. In a dB average, the highe® @St Y S a dzNB YhS gvérall ge8ulff QG I FF S
more than any other contributor.

Practically speaking, the one advantage of power averaging in this context is that its bias towards the higher
magnitudes means that it will demphasize the contributions from nulls when averaging datstaining

comb filters. The nulls of a comb filter are much deeper than the peaks, and so can produce dips in a dB
averaged response that might look concerning although they might be largely inaudible to a human listener at
any single location.

In Smaartdecibel averaging is the default because we find that it tends to give helpful and useful results in
the widest variety of applications, but you can also choose to generate a power average iqstelaetter
yet, generate both and see if one gives ydoester answer in a given situation.

Normalized Power Averaging

Normalized power averaging attempts to sidestep the limitations of power averaging in magnitude response
measurements by ensuring that all data traces going into the average are approxingelyireoverall level
before calculating the average. It works by calculating a sifiglee decibel average of all frequency data
points within a given frequency range for each trace being averaged and then adjusting the overall level of
each trace so tht their average level within that range is identical.

Transfer function power averages are adjusted so that their average decibel magnitudes for the range of 225
Hz to 8.8 kHz are all 0 dB. When averaging transfer function data, we can assume in #doatwweevant an
averaged magnitude response (as opposed to an average level) and we have a natural reference point (0 dB)
to adjust the levels to and so no additional intervention is required. The caveat is that you are also assuming
that the system undetest has significant energy within the normalization frequency range and if that is not
true, e.g., when measuring a subwoofer, you may not get the expected result. In that case, a dB average with
coherence weighting may be a better choice.

Normalized RTRower averages work similarly to transfer function power averages except that Smaart cannot
Fa&adzyS Ay {G(KA&a OFrasS GKFIG @2dz 6lydG | y2NXYFEAT SR | @SN
levels to, and the normalization range is different.ridalized RTA power averages use 125 Hz to 4 kHz as the
normalization range to better accommodate cinema systems and in this case, you must designate one of the

traces or measurements being averaged as the reference level.
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LIVE VS STATIC

In Smaart, there a two ways to create spatial averages. They can be generated from saved measurement
data, for example if you move a microphone around the space to capture a series of measurements, and then
average them together to see the trend. Alternatively, spatialrages can be generated in real time by using
multiple microphones.

PROTECTING THE AVERAGING BUFREFRROVING DATA
{YlIFNGQa YSIFadaNBYSyld OFfOdzf A2y LA LK&pbag& Ay Of dzRS &
guestionable data out of the averaging buf§e off the screen and out of your decisiomaking processes.
These include Magnitude Thresholding, Overload Protection, and Signal Presence Detection.

MAGNITUDE THRESHOLDING

al 3y AGdzRS i KNB & K 24evelxlefeBse Agains{ invalid tiddisi@nition dat. £onceptually, if

we did not put anything into the system under test at a given frequency, we should not be getting anything
out. Smaart looks at every frequency data point in the reference signal, and for any frequency bins where the
level fdls below the specified magnitude threshold setting, those bins are omitted when calculating that
measurement frame. Bins that fail the thresholding test are simply not updated, and so if a certain bin still
contains valid data from a previous measureméaime, Smaart leaves it alone. Frequencies that have never
cross the threshold since the measurement began simply remain blank.

This means that, for example, if you were taking a transfer function measurement using music as a test signal,
the measurement wuld continuously only update at those frequencies at which the music has energy at any
given time.

OVERLOABROTECTION

If Smaart detects three or more consecutive samples with maximum (0 dBFS) amplitude in either the
reference or the measurement signalaissumes that clipping has occurred and will stop updating transfer
function measurement data until the overload condition has subsided.

DELAY TRACKER

The Delay Tracker caontinuously adjust the measurement delay in realtime in situations where it may
change from moment to moment, such as with air movement, wind, or swinging loudspeakei3elage
Trackeron page72.

LIVEIR SIGNAL PRESENDEHECTION

Signal presence detection for the Live IR is similar to magnitude threshotditigeffrequencydomain
transfer function measurement data. In this case, however, Smaart simply stops processing the Live IR
measurement when the reference signal falls below thresh8lchaart will keep checking the input level and
resume processing ondke reference signal is racquired.
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CORRECTIORALIBRATIONAND COMPARISON

MICROPHONE CORRECTIONES

Some measurement mics are sold willes that containindividually measuredrequency responsdata for

GKFG aLISOATAO YAONRLK2YSS gKAOK OFy 6S t2FIRSR Ay (2
magnitude response. With mics of reputable quality, these deviations tend teetyeminor throughout most

of the audible range (tenths a@f dB). Although this is important information for laboratory test conditions,

these small deviations are dwarfed by the natural variance that ogouasoustic environmentsimply by

moving the microphone a short distance

The top pane othe image belowshowstwo measurements taken from the same microphone position with
(red) and without (black) the microphone correction file loaded. The bottom pane shows the variation caused
by moving the microphone one foot away.

Magnitude'W Mic No Correction Curve - Copy ¥
o Same mic location, correction curve vs no correction curve 50
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Figure62 - The effects of a microphone correction file (top) vs the effects of moving the microphone a small distance (bottom)

For this reason, microphone correction files a typicallynecessary for field measurement work. However,
there is a clear benefit tolying a microphonghat includes correction data: the confidence that the
manufacturer has tested the microphone and it is performing within its design tolerance. In other words: if
your mic is of high enough quality to include a correction file, it ibabty of high enough quality not to need
one.

Smaart canmport individually measured frequency response data for a microphone in comntab-

delimited ASCII text files having one frequerajue (in Hz) and one magnitude value (in dB) per line. Yiou ca
import a new correction curve file bselectingimport > Mic Correction Curfem the Filemenu, or by

opening theMic Correction Curvéialog from theOptionsmenu and clickingmport. If the import is successful,
the curve should immediately show up in thMéc Correction Curvelialog and in théMlic Correction Curve
dropdown inlO Configlf not, the problem is likely a formatting error.
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For more information on formatting correction ote files, please refer tthe appendix.

SOUND LEVEL CALIBRATION (ONLY NEEDED FOR SPL MEASUREMENT)

All of the measurement data produced by Smaart is produced by analyzing the incoming digital Siguiats
level measurements are unique in that they dilgatescribe the strength of th8uctuations in in air pressure
occurring at the microphone location. In orderallow produce SPmeasurement data, Smaart needs to
know what acoustic level at the microphone caused itft@ming signal levels. This is argished by running
the sound level calibration routine.

Calibration is NOT required for standard Spectrum, Transfer Function or Impulse Response measurements.
It is only required for measuring SPL.

To complete the sound level calibration routine, youl wied a sound level calibrator, whitha device that
produces a known SPL at the diaphragm of the microphone, which Smaart can correlate with the incoming
signal levelthus establishing the sensitivity of the entire input signal chain, from microptmA® convertor.

A sound level calibrator is a precision device that fits snugly over the measurement microphone capsule and
generates a known acoustic level. Most calibrators produce levels of 94, 110 or 114 dB SPL, but it is not critical
which level youralibrator produces as long as it is known. If your calibrator offers a choice, there is a slight
advantage to using the higher level because it increases the signal to noise ratio of the calibration process and
makes external and ambient noise less ljkiel disrupt the process.

When you insert your measurement microphone into the sound level calibrator, do so slowly so as to avoid

shocking and potentially damaging the microphone diaphragm. Most calibrators use a rubber seal or gasket of

some type to engre a proper seal. The fit should be snug, without wiggling or play. If you can clearly hear the

OFf AN G2NR& (2yS 2y0S @2dz (dzNy AlG 2y3 @&2dz YIeé y2i0 KI @
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of the following:

1 Clicking theCalibratebutton at the bottom of thelO Configlialog
1 viaConfig > Amplitude Calibration

TheAmplitude Calibrationdialog has dropdown menus at the top for you to select the device and input you

wish to calibrateg ensure the selection is correct before you continue with the process Offsetfield

displays the calibration offset for that inpgtthe acoustic levelrtat will bring the convertor to 0 dBFS. If the

Ay Lildzi KFayQi &Sd 0SSy OFftAo0N} GSRZ GKA& ydzYoSNJ gAft oS
the selected input, with a bit of time averaging applied to smooth out the reading, and sheflédt the level

of the input signal as caused by the calibrator. Once you have adjusted the input preamp to achieve the

desireddigital leve] click theCalibratebutton to run the calibration routine.
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Amplitude Calibration

[fsgn=VIH Audient USB Audio ASIO Driver

Calibration Settings:

oftset: RN <&

Calibrate

While the calibration process runs, avoid bungpihe microphone and calibrator or making unnecessary

noise. Once the process completes, it displays the measured digital level in dBFSrRd8 will then ask

you what acoustic sound level corresponds to this measured digital level. Enter the leveteaddaly your
calibrator into theSet this value tdield and press [Enter]. Théffset Requiredalue displays the resulting
calibration offset, which is the highest sound level that can be accommodated by your measurement setup in
its current configurathn without overloading your convertor. Cli€kayto set the offset and close the dialog.

Note that calibration describes the sensitivity of the entire signal chain from microphone to convertor, so if
you plug in a different measurement microphone or adjus @ 2 dzNJ Ay 4 SNF I OSQa LINBI YL 3l A
the calibration procedure again to determine the new offset.

COMPARING MEASUREMENTS

Comparingnultiple measurements is one of the most important wagsgain helpful insight from

measurement data in Smaart. For example, you can compare multiple transfer function magnitude traces for a
look athow the tonal response and level of the system vary over the coverage area, or you might compare
phase traces tim two different sources to see how well they will align at a given position.

When comparing measurements, it is critical to keep in ntived measurements can only be meaningfully

compared if they share a common reference to allow the compariBon compring transfer function

magnitude measurements, this meandNBE & SNIPAY 3 G KS YSIF AdzNBYSyd NAIQaA 3 Ay
measurement acquisition. Since a change toititerface preamp levels for either the measurement or

reference signals will causecarresponding shift in the magnitude tragéis introduces a variable that

prevents direct comparison of different measuremerifserefore you should avoid adjustingye

measurement microphone preamp levelaring a measurement session if you plan todiée to directly

compare the datayathered throughout the session.

Similarlyto use the transfer function phase and Live IR graphs to investigate the relative arrival times of
various sources at a given measurement locattbe,transfer function engineelay time setting must remain
constant throughout the process, so the satitae reference is used for all measurements. If the

measurement delay is reset between measurements, the phase trance and Live IR peak will no longer indicate
the relativetime or phase offset betweenhe sources.
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5 ¢ CONFIGURINMEASUREMENT ENGINES

In Smaart, live measurement data is generated by measurement engines. Measurement engines come in two
varieties:Spectrunmeasurement engines produce spectrum data and display it ootsp@a-type plots RTA

and Spectrograph and Transfer Functiomeasurement engines productisansferfunction data and display it

on transfer functiortype plots Magnitude, Phasand LivelR).

{YlII NIQa /2y GNRBt . I Nihfdrriation gelavand t& thesf@cusizp iyt iypeR \hen al y R
spectrumtype plot RTAor Spectrographhas focus, the lab&pectrumappears at the top of the Control Bar,
and spectrum engines and their corresponding controls are displayed.

Likewise, when a traffier functiontype lot (Magnitude, Phaser Live IRhas focus, the labdlransfer Function
appears at the top of the Control Bar, and transfer function engines and their corresponding controls are
displayed.

Access théleasurement Configuratioftyout byclicking on the Hammer & Wrench icon in the Control Bar,
via Config > Measurement Configr via the hotkey [Alt/Option] +[GThis dialog shows all currently
configured measurement engines, wiipectrumengines at the top andransfer Functioenginesbelow.

You can click the minus boj ifext to the Spectrum or Transfer Function heading to collapse the view of all
measurements of thatype andclick the plus (+) to show it again.

TheDevicecolumn shows the input devidbat is feeding each measuremt engine.

In the case oSpectrumengines, which are single channel measurements, the input listed iMées. Ch
columnfeeds signal to the measurement engine. In the casErafisfer Functioengines, which are dual
channel measurements, the input listed in tMeas. Chfeeds the measurement channel of the measurement
engine, and the input in th&ef. Chcolumn feeds the reference channel of the measurement engine.

At the bottom of the meastement config flyout are a trashcan button to delete the currently selected
measurement engine(s), an information button to view configuration details about a selected measurement
engine, pluduttons to create new measurement engines.

TheNew Spectrum Masurementand New TF Measuremehbiuttons at the bottom of the dialog are used to
create new measurement engine$ both types, while theNew Spectrum Averagend New TF Average
buttons create live averaging engineseeCreatingand Configuring Live Averaging Engioegpage87.

DoubleOf AO1Ay3 2y GKS YSIadaNBYSydQa ylIYS gAiatt YIS GKS
press[Enter] to set the change). Doubtdicking on any of the other fields will ope¢hedetail view, allowing
you to view and adjust configuration parameters for that measurement engine.

CONTROL BAREASUREMENENGINE RIGHTLICK MENU

Right clicking measurement engine in the Control Bar opens a context menuatf@ws you to perform
some common operations directly from the top level of the interface. Qtiftkto open the detail view for
that engine in the Measurement Configuration flyout.
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Remove from Tatill remove that engine from the Control Bar, while still leaving it configudos later use.
Remove All Measurements from Tades the same for all engines in the Control Bar.

Duplicatewill create another engine with the same configuration settings.
Renameallows you to rename the engingremember to press [Enter] to set the @hge.
Change Colanpens theColor Selectiodialog to allow you to select a new color for the engine.

You can also drag and drop engines taréer them in the Control Baar drag them out of the Control Bar to
remove them from active use.

Engines remeed from the Control Bar via either drag and drop, or BEmovecommands are still configured
and available in the Measurement Configuration dialisgm where they can simply be dragged back ithi®
ControlBar for use.

CREATIN@GND CONFIGURING SPECTRUM ENGINES

When you selected your input signals (3eiial Configuratiorg Getting Input Signalsn pagel5), Smaart
automatically created a spectrum measurement engine for each infou. can @ate additional Spectrum
engines byany of the following:

1 clickingNew Spectrum Measuremeat the bottom of the Measurement Config flyout

1 viaConfig > New Spectrywia the hotkey [Ctrl/Cmd] + [S]

by clicking thet Spectrum Engine3 K 2 a (i S yipdass i the CoRtiloliBar when a spectrum
type plot RTAor Spectrographhas focus.

TheNew Spectrum Measuremedialog prompts you to name the new engine, seleBteviceand aChannel

for use.Devices and channels, along with their friendly names, will be as specified limptitéab of IO Config

Then you can either clid®reate £ ¢ KA OK ONBI 4Sa GKS yS¢g SyairyS FyR fSI ¢
create additional engines, @@reate & @sewhich creates the new engine and closes the dialog.

New Spectrum Measurement ®

Name:
Device: Audient USB Audio ASIO Driver «
Ch:  Mic 1 -

Create & Close

Figure63- New Spectrum Measurement dialog
Upon creating the new engine, it will appear in the Control Bar.

Spectrum measurement engine configuration is handled inti@gry SQa Ly ¥2 RSOGFAf @GASs3S ¢
by any of the following:

1 Rightclicking an engine in the Control Bar and chooirig
1 Doubleclicking an engine in the Control Bar
f Doubleclickingr y& FAStR 2GKSNJ KIy G(KS Sy@rhei8Qa yIYS Ay |
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1 Selectingt in the Measurement Config flyout and clicking the Info button at the bottom of the flyout
[needs screenshot]

The detail views labeled with the name of the measurement engine at the tépu can view the details of a
different enginewithout closing the flyout by clicking the up and down arrows to the right of the name label,
or clicking a different engine in the Control Bar.

The detail view is divided into three fielddeasurement SettingDisplay SettingsandInput Settings

MEASJREMENT SETTINGS

In Smaart LE, theleasurement Settinggroup has fouuseradjustable options
Namesets the name of the measurement engigée sure to press [Enter] to set the name.

Delaysets thesignaldelay time in milliseconds, for the engine. Usudlhis setting is left at O but there may

be circumstances in which you wish to delay the displathhe measurementfor example, to more easily

compare the ballistics of aBRTAY S| 8 dzZNBYSy i 2 F |  Yid thatof dmiciophprie plac&dQ a 2 dzd LJdzi
some distance from a loudspeaké&ote that this is a special case setting and should not be confughdive

measurement delay forransfer Functiomeasurement engines.

FFTsets the FFT size uskgdthe measurement engine. By default, thise Globatheckbox is checked, which
means the engine will use the global FFT size setti@ptions > Measuremelr@ettings > Spectrurtn-
checkingUse GlobaWwill enable theFFTdropdownand allow you to select an FFT size specific to this engine.
Available sizes are powerf-two FFTs from 128 to 32lamples.

Averagingsets the temporal averaging used by the measurement engine. By defaultjskeGlobatheckbox

is checked, which means the engine will use the global Averaging setting displayed in the Control Bar atop the
Spectrum engine controléJn-checkingUse Globbwill enable theAveragingdropdownand allow you to

select anAveragingsetting specific to this engindvailableoptions areNone, Fast, Sloand Infinite.

DISPLAY SETTINGS

In Smaart LE, thBisplay Settinggroup has two useadjustable options.

Clicking on theColorswatch willopen theColor Selectiodialog and allow you to select a color for the
measurement engineSeeTrace Color and Thickness page36.

Plotsets whichploti KS Sy 3aAy SQa GN} OS gAff | LILASof K@ sanfeplotkyge & A G dzl G A 2
is availablefor example, the(RTA/RTAiew. When only a single plaif a given type is available, this setting is
ignored. Sedvloving Tracesn page35.

INPUT SETTINGS

Thelnput Settingggroup allows you to choose the signal that feeds the measurement enginé&iiee
dropdown lists all input devices that are selected for use inltipeit tab of IO Configand theChannel
dropdown will allow you to choose an input channel from those lyaue enabled for us&.hese dropdowns
will use theFriendly Namefor the device and the channel if they have been specifid®ionfig.
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CREATING AND CONFIGURING TRANSFER FUNCTION ENGINES

Transfer Function engines can be createdihy of the following:

clickingNewTFMeasurementat the bottom of the Measurement Config flyout

via Config > NeWw F

via the hotkey [Ctrl/Cmd] +T]

by clicking thet TFEngind 3 K2 a il Sy 3IAy Sé¢ (KIF G | LAT&hskBEFunktibpn G K S
type plot (Magnitude, Phasor Live IRRhas focus.

= =4 -4 =

TheNewTFMeasurementdialog prompts you to name the new engine, seleBteviceand specify which

inputs you want to use for the Measurement and Reference channels of the efigiee.you can either click
Create £ o KAOK ONBI(GSa GKS yS¢ SyaiayS IyR fSIH@Sa (KS
Create & Closwhich creates the new engine and closes the dialog.

New TF Measurement

\Elul-Hll Best Measurement Ever

DEVI-RE Audient USB Audio ASIO Driver «
Mea Ch: Qgels] v
GEIReH Loop In v

Create +
Create & Close

Figure64 - New TF Mesurement dialog
Upon creating the new engine, it will appear in the Control Bar.

Transfer Functioty S| a dzZNBYSy G Sy 3aAyS O2y FAIdzN» A2y A& KI yRf¢
opened by any of the following:

Rightclicking an engine in theoBtrol Bar and choosinimfo

Doubleclicking an engine in the Control Bar

DoubleOf AO1 Ay 3 Fyeé FASER 20KSN) (KIy figelBt SYy3IrAySQa
Selecting it in the Measurement Config flyout and clicking the Info button at the bottomedhtbut

= =4 =4 A
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TF Engine \zz‘
~ nent Settings
Use
Global
Name: TF Engine Averaging Depth: 6
Delay: 0.00 Average Type: Polar
~ Display Settings
Follow
Plot
Color: . Phase Smoothing: ---
Plot: 1 Mag Smoothing: -~

D Invert Magnitude Display

~ Input Settings

Measurement Signal: Reference Signal:
Device: Audient USB Audio ASIOD... Device: Audient USB Audio ASIOD...

Channel: Mic v Channel: Loop In -

Figure65 - Transfer Function engine configuration flyout

The detail view is labeled with the name of the measurement engine at the top. You can view the details of a
different engine without closing the flyout kgficking the up and down arrows to the right of the name label,
or clicking a different engine in the Control Bar.

The detail view is divided in to three fielddeasurement SettingDisplay SettingsandInput Settings.

MEASUREMENT SETTINGS

In Smaart LEhe Measurement Settinggroup has four useadjustable options.
Namesets the name of the measurement engigée sure to press [Enter] to set the name.

Delaysets theamount of signal delay (in milliseconds) necessary to align the reference and newasi
signals. Positive values delay the reference signal (the most common case). Entering a negative number delays
the measurement signal.

Averagingsets the temporal averagindepth usedby the measurement engine. By default, thiee Global

checkbox izhecked, which means the engine will use the global Averaging setting displayed in the Control Bar
atop theTransfer Functioengine controls. UstheckingUse GlobaWill enable theAveragingdropdown and

allow you to select an Averaging setting speddithis engine. Available options alghru 10 plusinfinite.

Thenumberedvalues corresponds follows:

1 =2FIFO
2 =4FIFO
3 =8FIFO
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=Slow

=1 Sec
=2 Sec
=3 Sec
=5 Sec
=7 Sec
10 =9 Sec

© 00N O O~

Average Typsets the mathematical averaging type used by tieasurement engine to eithdpolaror

ComplexaveragingBy default, all transfer function engines will use the glddab Averaging Typaverage

type setting inOptions > Measurement Settings > Transfarchon® | y OKS O A y 3 chekkBox a ! 8 S Df 2
will enable the dropdown allowing you to select which averaging type should be used for this engine.

For information about the diffrence between the two averaging methods, and why you might choose one or
the other, seePolar Vs Complesn page7s.

DISPLAY SETTINGS

Clicking theColorswatch opens th&€olor Pickewhich allows you to choose a display color for the
measurement engine. Sdaace Color and Thickness page36.

Plota Sia 6KAOK LX 230 GKS SyaiaysSqoa G(GN}¥OS gAtt | LIISFN 2y
is available, for example, thdagnitude/Magnitudeview. When only a single plot of a given type is available,
this setting is ignored. Sédoving Tracesn page35.

Invert Magnitude Displag A f f LJ 24 GKS Sy3iaySQa YI3AyAaAhGdRS nNBalLkRyas
setting loudspeaker equalization, as it allows a cut to be displayed as a boostgniadésier to see whether
the filter response isppropriately complementary to the loudspeaker response being equalized.

ThePhase Smoothingnd Mag Smoothindields allowa measurement engine toverride the inplot
smoothing settingsUn-checking thdUse Globatheckboxwill enable the dropdown menu.

INPUT SETTINGS

Thetwo setsof Deviceand Channetropdownsallow you to select input signals i K S S Widasu/ethené
and Reference inputdf the Allow Multi-Device TBption is enabled ifOptions > Settings > Advancegau will
be able to select Measurement and Reference signals from different de@eesion should be observed
when taking a transfer function between different devicesthdas cause result in clockiftrin the
measurement, resulting in unreliable phase / impulse response data.

CREATIN@GND CONFIGURING LIVE AVERAGING ENGINES

In addition to generating averages frostored measurement data, Smaart can also generate averages from
the output of multiple masurement engines in reime. To create a live average engine, click eitNew
Spectrum Averager New TF Averagat the bottom of the Measurement Configuration flyout.
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LIVE SPECTRUM AVERAGE

TheNew Spectrum Averadmitton opens theNew Measurement Avagedialog

New Measurement Average [ ]
Name:

Averageas: () dB (@ Power
Normalize

Contributors: Avg et | Name

O Mic
(® Loop In

Create & Close

Figure66 - New Measurement Average dialog for Spectrum engines

You are prompted to give the new engine a name, and choose aider Poweraveraging.Select the
checkboxegor the engines you want to contribute to the live averaBaablingNormalizewill ensure that the
outputs from all contributing spectrum engines are adjustedbe approximately equal level before being
averaged with each otheyyou can indicate whichngjine should be used as the normalization reference by
selectingts Refradio button. (For more on dB vs Power averaging andwatdization, seeB vs Power
Averagingn page77.) Clicking eitheCreate +or Create & Closwill create the live average engine.

Live Transfer Function average engines are created in much the samediiegNew TF Averagandgive it a
YyIYSE OK22aS GKS | @SNI IAy 3 CQiheleite WejgRedheKsBlécKi® Mangfe dzQR f A1 S
function engines you wish to contribute to the average.

Once live average engines are created, they behave much like any other measurement withihile/show
and run/stop controls in the Control Bakny measurement engines thate members ofive average engines
are always contributing their data to the average, regardless of whether they are shown or hakllemg as
they are runningStopphg a measurement engine will remove its contribution from the live average engine.

ADDING AND REMOVING ENGINESHE WORKSPACE

The Measurement Configuration flyout lists all configured Spectrum and Transfer Function measurement
enginesMeasurementengiSa Gt A @S¢ Ay (GKS aSlIad2NBYSyd /2y FAIdzNF GAZ2Y
I 2Y0UNBE . FNJ gKSyYy @2dz gtyid (2 dzasS GKSYZ IyR (GKSy NBY2@S

To add a measurement engine to the workspace, simply drag and drop it from the Measuremégtftyont

into the Control Bar. To remove it, you caither simply drag it out of the Control Bar (it will disappear once

you release your mouse button), righlick the engine and choose Remove From Tab, or clear them all at once
by rightclickingany engineand choosindRemove All Measurements from Tab.

MEASUREMENT ENGINE CONTROLS

All measurement engines in Smaart have atriadglé I LISR aGwdzy ¢ A 02y (KFG 2214 OSNE
on a multimedia device. Clicking the Run icon will turnitb@ green and start the measurement engine
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running¢ KA a Ffaz2 FOGA@GIGSa G KwhicBiarBifiofisSronddark gredy'th light gr&@ St Y S
at signal levels 060 dBFS, light green to yellow-42 dBFS, and yellow to red -& dBFSClickthe Run button
again to turn it grey and stop the measurement engine.

All measurement engindsave a colored circle on the left side of the engine area which corresponds to the

colorof the data trace that engine will produce in the grap@cking on tk colored circle will hide itdata

FNRY GKS 3INILKAYI FINBFZ da AYRAOFGSR o0& GKS a-¢ GKIQ
adF4Se® /tAO1AY3 FALAY NBY2@Sa GKS a-¢ |yR dzy KARSa GK:

@ Engine e

Q Another Engine >

I —
L

Figure67 - Two spectrum engines, one shown and one hidden

When you stop an engine, its output is automatically hidden, but you can click the colored circle to show the

RFdGF GKFIG Aa adAatt Ay (KS YSIbatooBihe $oy of DACoht@ 8M) IA Yy I 06 dz
effectively accomplishes both operations with a single click: stops the engines from running, but keeps their

data displayed on the graph.

At the top of the Control Bar are controls to Run All, Stop All and PauseasunementsRun All will run all
measurement engines. Stop All will stop them and hide them, while Pause All will stop them and keep their
output visible on the graphs.

Spectrum

Averaging Depth: Inf v

Figure68 - Spectrum Measurement controls in the Control Bar

Transfer Function measurement engines have additional contiritead of a single input level meter, there

are a pair of input meters labeldd and Rfor the measurement and reference signaisdelay ime field

shows the measurement engine delay setting, in milliseconds. {8y Compensatioon page7l). The

small circle to the right of the delay time figladicates the status of thBelay TrackerThe circle is gray when

GKS GNIOTSNI Ad 2FF3 MYy RISNE @3 |opket onfatehedOa S yWHA (/A &/ 3t

Click thetracker circle once to activaté momentarily¢ the circle will turn yellow, and théracker will run

until it has successfully found the proper measurement delay®mehy OS A G Qa 320 GSy G(KS &l
three times in a row, it turns itself ofboubleclick the tracker circle to latch it onthe circle will turn red, and

it will continue tracking the delay time until you turn it off.
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When you click on a measurenteengine to give it focus, the engine enlarges slightly to make room for
another row of controls that appears.

[ » | m n |
[ Track ][ % }
@ TrEngine >
e 000 @
Find Track - +

. Another TF Engine »>
e 000 @

L J

[ + TF Engine

Figure69 - Transfer Function engine controls. The first engine has focus and its expanded controls for measurdayecdrdbe seen

Findopens the Delay Finder dialog and begins the process of finding the measurement deldelSg¢e
Compensatioron page7l Trackturns on the Delay Trackerone click for momentary operation (yellow
indicator), and two clicks for latched (red circjhen the Tracker is latched on, clitéackto turn it off.

The + and; buttonsadjust the measurement delay value up or down by the increment specifitiebith| -
Incrementfield in theOptions > Measurement Settings > Transfer Fundlialog where it can be specified in
either samples omilliseconds.
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6 ¢ MAKING MEASUREMENTS

Up to this point, we have learned about hownavigate and control Smaaaind reviewed some fundamental
measurement conceptdNow we will apply that knowledge in the context of a practical measurement
workflow. We dscuss here a typical generalized measurement workéake reader is encouraged to
consider how they would adapt the process to meet their specific needs in a given situation.

WORKING FROM DEFAULTS

Givenhow much of this user guide is devoted to desargbthe various settings and parameters that may be
adjusted by the useit should come as no surprise thaterlookingor forgetting that some settings have
been adjusted can create unexpected measurement results and unintended beHasidhis reason, the user
is strongly advised to begin a new measurement setting by restoring Smaart to defaisnfig > Manage
Confgurations >Restore Defaults.

(Unlike in previous version of Smaart, restoring Smaart v9 to defaafipens in just a few seconds and
R2Say Qi ySOSaaAridldsS I LINR2ANFY NBadGlINIxz a2 A4GQa | LI A

Once theprogram has reset, we are greeted witm@ssage explaining that no measurements are configured,
and we should begin the process by selecting input sou@kskingOKbrings us to thénput tab of thelO
Configdialog.

INPUTAND OUTPUBELECTION ANTAMING

For most measuremerapplications, all inputs will be coming from a single input degiselecting one will

populate the bottom table idO Configg A G K | f A&l 2 F ahdwil sefeét & toRie @rat ©6rQa A y LIz
use by defaultFrom here, we want to select and m& the inputs we will use during our measurement

session andleselect the rest.

We can quickly Select / Deseledtr RS @A OS Q& Ay LldzilgeA g 1 REA Ot AV B.QAK B2 b HzMI
Selecting only the inputs needed for our session ensures that as we then configure our measurement engines,

S oAttt 2yfe 0SS LINBaSy i SR Edhidpkt inuidg@s/adésariptisehamntsowed A y I |
can recognize it everywhere it shows in the progrant, and by default, this name will be adopted by the

spectrum engines that are automatically created for each input as well.

When setting up output devices, it is a good idea to assign a Friendly Name to each output describing where
thatsignalisgoinga ¢ 2 [ 22LJX¢ a¢2 5{tXé FyR a2 F2NIKX YI1Sa 2dz
chance of confusion or misconfiguration.

MEASUREMENT SETUP

Before we begin configuring Smaart for our purposes, we must consider what we wish tarmead
translate that into an effective measurement configuratidihere should we pull signal tap points frotd®w
manysignals do we need to work with simultaneously

Theuseof friendly namescoupled with the deselecting of unused inputs during theput configuation

process ensures that when we start creating the desired transfer function engines, Smaart only offers us a
choice of clearly labeled inputs that have been selected for use, vgpiebds the configuration process and
decreases the chanaa making a mistake.
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SIGNAL TAP POINTS

Some consideration of what sign@sS ¢A aK (2 20aSNIWSsT 2NJAY 20KSNJ g2NRaAI ¢
flow we want to tap the signal from, is in ord@e mixing console output is helpful as the referencencied

in a transfer function analyzing the sound system response, butalgbserve directly via spectrum

measurement. In additioff SSRAY 3 | & LIS OG NHzY Sy 3dug/Solodutpi affordsaS YA EAyYy 3 O
close look at signals of interest.

For a standard sound system alignment workflow, we can remove from the equation many complicating

variables having to do with the mixing console by simply injecting our generator signal directly into an input of

the DSPIf the generator is then also loodéback locally at the 10 device (from an output directly back to an

input)z GKA & O2y FAIdzN} GA2y S O2YO0AYSR gAGK | YSIFadz2NBYSyd YA
transfer function analysis of the entire sound system transmission ah&iom D$ inputs, through amplifiers

and loudspeakers to the listening aréhe entire system is in the measurement loop, and we will gain an

understanding of what effect the sound system will have on the signals leaving the mixing console.

GAIN STRUCTURE ANGISALS CHECK

Our measurement session begins by setting the gain structure of the measurement rig and conducting a
signals checkTurning on the signal generator to a reasonable level,42ydBFS and routing it through the
system under test while obseng{ Y I I NIi Q&  Aviff alloaiius ty GakeSshith that all treelected inputs

are properly receiving signal. Gain can be adjusted on each to bring the inputs into the analyzer at a healthy
level €12 dB is a good target, right where the meters transiti@m green to yellow).

Microphone preamps can be set by raising the system level to the desired measurement level (not too loud,
LISNKFLJA mp R. {t[ Fto2@S GKS y2AaAasS Ft22NJAa ff (GKIFGiQa
bring the signal pto -12 dB FS or so.

We can view all input signals at once by clicking the Run All button at the top of the Control Bar to start all
spectrum engines running and then pressing the [0] key to launch 4spétitrum view.

MICROPHONE CORRECTION CURVES

Somemeasurement microphones include files with individuatigasured frequency response data that can

6S f2FRSR Ayd2 {YLFINI G2 O2NNBOG F2NI RSGAFGAZYya Ay GKS
reputable quality, these deviations tend to be very mittmoughout most of the audible range (tenths of a

dB). Although this is important information for laboratory test conditions, these small deviations are dwarfed

by the natural variance that occurs when measuring in acoustic spaces simply by moving ¢hehonit

distance.

Thetop of the image belovshows a measurement taken from the same microphone position with (red) and
without (black) a correction file in use, and the bottom pane shows the variance caused by moving the
microphone a foot away.
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Figue 70 - The effects of a microphone correction file (top) vs the effects of moving the microphone a small distance (bottom)
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measurement work. However, there is a benefit to buying a microphone that includes individual correction
data: the confidence that the manufacturer has tested the microphone and it is performing within its design
tolerances. In other words: if yourimis of high enough quality to come with a correction file, it is probably of
high enough quality not to need it.

Since a microphone correction fidelds offsets to the magnitude datarly in themeasurement pipeline, it
cannot be removed from the measurement after the fact, and users often accidentally leave a microphone
correction file assigned to an input while plugging in a different microphone, or taking an electronic
measurement, producingnintended results. Thus, in a typical situation, there is little benefit from using

microphone correction files in Smaart, and a 2 |

LRGSYGALE LISYIl t

& T2NJ d&aAy3

MULTIPLE MICROPHONE WORKFLOWS

Multiple microphones allow thacquisition of system response data from multiple listening locations at the
same time. Since the alternative would be to move a single microphone around thetspheedesired
measurement locationsye are faced with the tradeoff dbwer cost but higheacquisition time(single
microphonebeing moved arouny orhigher cost{more microphones and a larger 1/0 device) vs faster

acquisition.

When multiple measurement microphones are to be used pegin with a microphone verification process,
which involve placing all the microphones in close proximity and ensuring they all provide the same answer.
Preamps can be adjustéd compensate for different microphone sensitivity until the traces from all
microphones overlay.
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6 ¢ Making Measurements

CHANGING SETTINGS

{ YI I NI Qaav&kdednlcatefully £hosen over many years of development to allow yachieve
FOGA2Ylo6fS RFEGlFI gAGK2dzi FANRG KFE@GAy3a G2 YI1S |y
knowledge of measurement mathematidss such, it can safely be assed that Smaart will get the job done

in most situations running from the default settingend can be adjusted as required by more specialized use
cases.

w
m
[N
w
<
QX

DATA ACQUISITION

Once the measurement rig has been configured and verified, data acquisition caeegdrquicklyWe can use
the Fade Irand Stop Gen After Captusggnal generator settings to minimize disturbance to other parties
working in the area andhinimize the amount of time noise is being played through the system.

It takes a handful of seconds switch on the generator, set measurement delay using eiffirdor Track
flush the average ([V]), and capture the data, naming it after the noise stdygsdata can then be analyzed,
considered, any necessary system parameters adjusted, theefoicated to adesired location, and the
process repeated.

Once the drive level of the system has been increased until the coherence trace stops improving, there is no
further benefit to be gained by measuring louder. Thus, a system can be quickly aativefff measured
usingvery short periods of noise at moderate levels, minimizing disturbance.

DATA LABELING AND ORGANIZATION

Care should be taken to label stored measurement data in a way that wikéfel if the data is revealed

later. Simply relyingipon the automatically suggested, numerically incrementing names will offer no context

later. It is helpful to use descriptive names that include what part of the sound system is being measured and

where the microphone was locateMumbering the data intaliscrete steps (for example: all Mic Verify traces

FNB aGSL) n +tt atNB 9vé GNI OSa | NBreamlinBsithesafa | £ £ t2ad 9
review process and conveniently allows the operating system to sort the data into a helgéulibit is

transferred to another computer.

COLORING AVERAGES

When working with averaged dataeither created by a live averaging engine, or generated from multiple
stored traces; it is helpful to set the trace color to either white (when using thekdemlor scheme) or black

(when using the light color schem&jince Smaart will never randomly assign white or black to a captured
trace, that color coding is a helpful visual shorthand that the data in question is an average.

SENDNGDATA TO A COLLEAGUE

After a measurement sessiogpu may wish to share the captured data with a colleague or client. All stored
YSIFadz2NBYSyid RFEGF A& K2dzaSR Ay @ 2dzNJ O2\DdtadoldérNra 52 OdzY Sy i
further divided by data type (Spectrum or fisfer Function). Alternatively, you caight-click a saved trace in

the Data Librarand choosépen File Locatioh 2 2 LJSYy @2 dzNJ 2 LISN} GAy3 aeadasSyQa FAf
f20FGA2Yy 2y @2dzNJ KFINR RNA @GS ® CNR YhenkdathBran éntireféldera A YL S (2
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to send to friendsStored traces are small fileKkEB, not MB) and so can be easily transferred or stored without
bandwidth or data capacity concerns.

A GHOST IN THE MACHINE

If Smaart begins to exhibit unexpected behavioRan& 2 dz OF y Qi aSSY (2 GN} O]l R2éy
flush out any settings azonfiguration trouble that may be causing the issue by restoring the program to

defaults Config > Manage Configurations > Restore Defaultsis will reset the prograonfiguration but

preserve all captured measurement dato your work will not be lost.
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7 ¢ MEASUREMENT EXAMPLES

The following examples are designed to help you get acquaintedmaégssuremenprocedure and workflow.
The reader is stronglgncouraged to work through the measurements themselves, with their own software
and measurement rig.

SETTING EQ FOR A LOUDSPEAKER

Ly (GKAa&a LINR2OSRdAzNBX 6S Attt YSIada2NB | f2dzRaLlISF 1 SNRa& NBa

create a spatial\aerage of the data, and then set some equalization filteraddress the response deviations,
resulting in a more natural tonality for the loudspeaker. We will also use the Invert Magnitude function to
confirm that our filter choices representagood comp YSy i NB NBaLRyasS F2N G§KS
response.

For illustrative purposes, we will start with Smaart running from defaits .begin bychoosing our input
signalgn IO Configand giving them friendly namesMic and Loop Ing as well as selecting outputs to drive

the loopback and the system under test, whio this exampleconsists of a processor and a loudspealdarr
YSFadzNBYSyGd YAO Aa LI OSR Ay GKS OSYyGSNI I NBI 27

To keep our acquired data organized, we can click the hamburger ¢ineSemenu at the top of the Data Bar
andchooseNew Session Foldegiving it a detailed name. Thisdel will hold all the measurement data
captured during our session.

Selecting the inputs ifD Confidhas created a spectrum engine for each using the friendly names we specified.
We can click the Run All button in the Control Bar to start both spectrugmes running, then press the [0]

key to open MultiSpectrum viewWe set the generator to a reasonable level, and run it using the [G] hotkey,
adjusting the gains on the audio interface until both signals read at similar, healthy ¢tesseland where the
meters transition from green to yellow, which-2 dBFS.

+ASgAYy3I 020K ardaylrftaqQ aLISOGNYzya | aadz2NBa dza fwel G
want to quickly view either input signal in more detail, we can click to focaispdot and then press the
[Enter] key to blow it ugo the full window size.
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' Smaart LE [ L N J
File Config Options View Command Window Help
~
Spectrum = None »
B 2301 Speaker EQ 0.0 Al o
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No Data
[l session Data Spectrum
g
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Figure71 - Viewing both input signals in Mulpectrum view to confirm good acquisition before beginning transfer function
measurement work.

Now, wewill move toTransfer Functiomiew by opening th&/iewflying and clickinghe Tbutton. We need to
create a Transfer Function engine using these two inputs, which we can do by diekingF Enginghost
engine button in the Control Bao open theNew TF Measuremerdialog, naming the engine, and selecting
the Mic as the measurement channel and the Loop In as the reference channel. @icdatg & Closereates
the engine and we are ready to work.

®
e TF1
: Audient USB Audio ASIO Driver »
: Mic

: Loopin

Figure72-Creating a new TF engine
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We click theRunbutton to start the transfer function measurement enginening andobserve healthy signal
tf SPSta 2y 020K 27T AbskasuteyhehidytsRdins fo apBate inYhS grapNdy drea, we
see the tellale signs of an incorrect measurement delay.

£ Smaart LE [T X ]
File Config Options View Command Window Help
[ Transfer Function [%] None «
BB 23.01 Speaker EQ F 60 Linv¥ TF1 0.0 B F5 Peak ~
L ow L Max00 @
No Data 3 @ L
8 &0
100 .
= Session Data ! 85 80 25 20 15 -0 -5 0 45 410 +15 420 +25 430 <35 +40 Transfer Function
Reference Data Time (ms)
@ me) Averaging Depth: 6

Phase (deg)

- Smaarchive 150 PHase ‘ TF1Y

S > (] n o
“ T %

& e —
p-] @ ™ -
et e — 000 @
-150 h S 1 1/48 Oct'¥ Find Track - +

s 63 125 250 500 hL3 2K 4K Bk 16k
[E5]

TF Engir
Frsquancy (2 @
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o = Frequency (Hz) o | R 2 (-]
[ Data Bar ] [ Capture I I Capture All J [ Reset Avg 1 [ Spectrum View I I TF View J [ Clear All dB I I dB + ] [ dB - I I Ctrl Bar ]}

Figure73- Transfer Function data with improperly set measurement delay

There are four such indications: 1) Peak in the Live IR is offset from center, 2) steep wrappir@hasthe
trace, 3) stair stepping down in the coherence trace towards high frequencies, and 4) a vald®iof the
measurement engine delay field.

To properly set the measurement deldy, S (i Q a Fbdbattor] andiet te Delay Finder produce a
suggestedneasurementelay value.

Delay Finder .

100%

FFT Size: 64k / 1365 ms (1 average) ETC E]

Measured Delay: 3.08ms (1.06 m)

Current Delay Setting: 0.00ms  (0.00 m)
Delta Delay: 3.08ms  (1.06 m)

[ insert ][ FindDelay | [ Advanced |

Cancel

Figure74 - Delay Finder suggestsaeasurementdelay value of 3.08 ms.

Since the microphone is a few feet from the loudspeaker, this suggested delayrtakes sense, so we can
clickInsertto accept it Now the data looks quite healthy.
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Figure75 - Transfer Function measurement of a loudspeaker with properly set measurement delay time.

We will capture this trace using [Spacebar] and give it the name Pre EQ 1, then move our mic to another
location within the central coverage area of this loudspaakice we move the mic, we will again see
indicators that the measurement delay needs to be reSitce we have only moved a short distance and are
working in favorable measurement conditions, we can use the Delay Tracker to quickly adjust to the proper
measurement delay value and then turn itself off by clickingTheckbutton in the measurement engine.

Once the new measurement delay value is set, a quick tap of the [V] key will flush the averaging buffer and
populate our measurement with freshdate.SG Qa alk @S G(KA& Fa tNB 9v HI | YyR
third measurement from another nearby position.

Now that we have three saved measurements from within the coverage area of the loudspeaker, we can click
the colored circle in the transfdunction engine to hide the trace while we work with the saved d&iace

we intend to EQ for the general common trend, we set our smoothing to 1/6 Octave using the smoothing
control in the lower right corner of the plot.
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