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1 Introduction

1.1 EASE 5 Third Edition

2 St 02YS (TRIrddRA § D2 y¢ 2 NI &k tNIIFEst aind®Sedosd Egition of EASE 5
thisis thethird landmarkrelease of EASEat is based othe new platform employing4-bit, DirectX,
andthe .NETframework EASE Bas beendevelopedfrom scratchover the course of several years
with the purpose of establishing a new platform that focuses on both usability and simulation accuracy.
By bringingeASHEo this new platform modeling soundeinforcementsystems and room acoustics

made much easier With the new version itis faster to achieveprecise, reliableresults andto
understand theacoustic performance of a venue or spadéthe same timeEASHuill keep growing
continuously new features will be added and new technologies incorporated.

EASE on the new platforim replacinghe predecessoplatform of EASE 4 step by step

1. With respect to functionalityThe Third Edition of EASE 5 offers all the functionatifythe
predecessor EASE 4ekcept for a few featuresand it goes beyond.lt provides a
comprehensiveconsistent set ofunctions and tools for designing sound systems in rooms in
a structuredand intuitive way It allows dealing with everyday projects well as with large
and complex projecti a timeefficient wayand with a modernuser interface Subsequent
releaseswill further expand on thain everyrelevantaspect.

2. With respect to program structuré€ASE 5 consistsainain program thats implemented on
the new platform. Itprovides the functionality to manage and view the projeotenter and
modify the room geometry, ando configure and tune thdoudspeakersystem andthe
acousticof the venue Based on the newcousteeengine,various types o€alculations can
be performedin the main program as welh realtime and very preciself-heseparateRoom
Mapping and Ray Tracing calculation modilage beerupgraded expandedand integrated
in EASE 5 as well as thmbe and EAR®stprocessing modules he functiorlity of these
modules will bancorporatedin the main program as part of the work on the next editions.

Ultimately, our goals notonly to transferexisting functiomlity to a modern platform. Our primary

goal is to use this new platform to create innovations that combine acoustic questions with
technological solutions, such as new and creative ways of displaying and interacting with simulation
resultsin order to optimize the sound of a venue employ clouecomputing services in order ghare

data and support calculationer to providehigh-endauralizatiors for usein AR/VR environments

For more details about our approach, about the new platfpand about our vision for the new
software, please refer to thEASE Developmewnibsite
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Program Structure

Main Program
Room Entry & Import, Sound System Design, Room Acoustic Characteristics

Loudspeaker and Material Database, Rendering & Presentation

Acousteer Real-Time Simulations

L l L

Room Mapping Ray Tracing Material Editor
Mapping Calculation Reflection Analysis User-Defined Materials
Response Calculation Response Calculation

Probe EARS

Response Data Post-Processing > Auralisation

Figurel.1 Overview over therimarymodules éthe software and their functionalities.

The structure of the program is depictedkigurel.1l. The main program acts as the entry point and
core of the software. It provides access to thiegratedAcousteer reatime simulation engine as well

asto the separateRoom Mapping and Ray Tracing calculation modules. Thedalescan be used to
perform various investigations, generate mappings, and calculate response information. Analysis and
auralizationof these response data is conducted in the Probe and EARS modules, respectively. The
Material Editor allows entering and modifying uskfinedacousticmaterials.

Feature Levels and Licenses

EASE 5 is available for three different types of licenses,-caltd feature access levels:

1 EASE Junior provides extensive functionality for eletvgl users as well as for advanced users
who are mainly concerned with direct field and coverage investigations as well as statistical
room acoustics in moderately complex venues.

1 EASE Standaidcludesadditional tools for investigating the sound fielsing ray tracing
methods conducting reflection analysisand calculating mapping in acousticallymore
challenging rooms and environments, whefer example strong early reflections play an
important role.

1 EASE Pro offers the entire set of available features for modeling and investigating tboms
usesadvanced rayracing methods including scatteringplculations to generate mappings,
reflectograms and impulse response On this basis itlso provide the ability to create
binaural and Bormat auralizationresults.

More details about the different feature levels of EASE 5 can be found da&B& website

1.2 About this Manual

This document aims to serve as an introduction as acompactreference for all users. It provides a
systematic overviewf all functions and features &ASE &s well as some of its background. However,
if you wishto learn more aboupracticalworkflows,usagedetails, and related references please visit
the AFMG website. Learning conterat knowledge baseraining videos as well as other information
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are available onlineln particular, we would like to point you at ouideo tutorialsas well as thé.earn
EASE website

Structure of the Userds Gui de

¢CKAA& dzZaSNR& 3IdzARS A& adNUHzOGdNBR a F2tt26a0 ¢KS
as installation, licensing, the software environment, and managing projects. The next chapters deal
with how projects and room models can be viewedl af which parts they consist. After thahe

room entry, import functionsas well as the definition of sound system and the room acoustic
characteristics are described. At the end of the manual, the calculation modules are introdineed.
appendices inade a complete list of short cuts as well as references to important publications and
articles.

Notice that the calculation modules providdso a separate help functionlt can be accessl by
pressing F1 or opening th€LP > TorPicsmenu. This will display help texts about individual windows
and functions in these modules.

Conventions and Terminology

The following conventions and terminology are used in this document:

1 Aleft-clickmeans pressing the left mouse button and releasingMBis the acronym for left
mouse button. Similarly, aight-click means pressing the right mouse buttoRNIB. The
middle mouse button is abbreviated MB. Many mousalevices combine the MMB with a
mouse wheel that can be pressed.

1 Many elements of the graphical user interface (GUI or Ul) show some reaction when the mouse
is moved over them. This activity is also caledering Most often, helpful information is
displayed such as tool tip texts. Often, the item under the mouse as well as related items in
the software arehighlighted

91 In this document, the user interface wiften be referencel. Labels displayed in the user
interface will be indicateéh this documenby a special font, such askinEmenu.

9 The menu of the main window of the software is implemented as-aadledribbon menu
similar to many Microsoft applications.

1 With respect to the room model, elementary parts of the model will be referred tdexments
items, or alsocobjects These parts can be surface elements, cabegs sound sources, called
loudspeakersmeasurement locations or mapping planes calistener seatsand audience
areasas well as section plans or bitmaps caltkrdwings For more details, please refer to
section5 about project elements.

1 A room element can beelectedby left-clicking on it When selectedthe properties of the
elementcan be accessed as well as some other functi@ending on theype ofelement.

It is also possible to select multiple items for further actions, such asHangingtheir
location This is calleanulti-select An item can bedeselected for example, by selecting
another item.

9 Short cutgefer to key combinationsof the keyboardhat activate certain functions from the
menu or in the context of an activity.
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Further commonly used abbreviations are listed below.

ETC
IR
JND
MIV
RT
SPL
STI

Energytime-curve
Impulseresponse

Just noticeable difference
Maximuminput voltage
Reverberatiortime
Soundpressurelevel
Speechransmissiorindex
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2 Installation and Activation of the Software

2.1 System Requirements

For EASEto install and run properly, the hardware and software requirements must be fulfilleese
aref AAGSR 2y 1.CabDQa ¢So6aArids

2.2 Installing the Software

EASE 5 can be installed on a computer in just a few steps. Skssthiéation Instruction2 y ! Ca DQa
website for more details.

2.3 Activating the Software

When running EASE for the first time, you will be prompted to activate the softWaréo that please
make sure that you havimternet access andhat you haveyour login credentials for the AFMG
Download Portaht hand

Enter your email address and password and clickladG | Nto proceed. The next window will show
you one or multiple licenses that are registered for your account. Select one of them in order to
activate the software.

There are several additional options on this page:

1 Pressing ther button will show you more details about the particular license.

1 Itis recommended to provide the computer namesome other identifieso that it is easier
at a later point of time to determine on which computie license was activated.

9 If you wish to disallow other users of the computer to deactivate the software select the
REQUIRELOG | Nradio button.

Click ACTIVATE SOFTWARID activate the selected licens®eactivating and switching licenses are
discussed in sectiod.3.
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Software Activation

Select License

EASE 5 Second Edition : Pro (AURA 4, EARS)
Expiration Date : 04.10.2024 - 388 days left

Available User Keys : 1/ 1

Computer Name

A custom identifier for this computer can be stored on the AFMG license server so that
it is easy to locate the associated User Key later.

DESKTOP-6D4URVM

Permission for Software Deactivation

The installed User Key can be protected from users of this computer who are not
authorized to administrate licenses.

@ Allow Everybody (O Require Log-In

If you need assistance, please visit the AEMG Support website or use the
AFMG contact form.

| Activate Software | | Exit

Figure2.1 Selecting a license to activate the software.

2.4 Allowing Data Collection for Software Improvements

Atfter the first installation of EASEy®u will also be asked to provide consent for data to be collected
during the run time of the software. If allowed, the software will send errors that occutueithg the

use of the softwardo AFMG in a completely anonymous way. Also, the duration of the software
sessiorcan be provided to AFMG in an anonymous way.
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Data Collection for Software Improvements

€ We would like to ask for your help!

We want to improve EASE continucusly and make it better for
everyone. Please support our effort by providing some bits of data in a
completely anonymous way:

Anonymized error information

Anonymized usage data, e.g. session duration

The infarmation will be sent to our server when an error accurs or
when the application is closed. The data will be collected, used and
stored as detailed in section 2.2, of our data protection policy.

You can change your preferences and reveke consent at any time via

the application settings.
Confirm Selected -

Figure2.2 AFMG requesting consent for collecting error information.

These data will be used solely to improve the software for all users. The collection is optional. It is
detailed in theData Protection PoligDPP) of EASESelectALLOWBOTHI 2 & dzLJLJI2 NIi ! CaDQa
improving the software.

2.5 Software Updates

New features as well as bug fixes are provided for EASE on a regular basis. When a new software
version is available, a notification is shown in the title bar of the main program window.

Update available — pod

W

4|

Figure2.3 Update notification in the title bar of the main window.

Click on theJPDATE AVAILABLBbutton to open theEASHEJpgrade Historwebsite. It provides more
information aboutthe available upgrades as well as a linkhe AEMG Download Portavhere the

latest software versios can be downloade®ee thenstallation Instruction® y ! CaDQa ¢SS0 aaA

more details.

It is highly recommended to always keep the software up to date.
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2.6 Technical Support

If you need assistance with the software, we provide numerous options oARMG Support website
You may also send your request directly to the AFMG support team viaotact form

2.7 Error Messages

Although EASE is being developed according to verygiglity standardssometimes under specific
circumstanceghe software may fail. If this happens, a dialog window is shown that allows you to send
the errordetailsas well as the currently loaded project directly to the technical support team at AFMG.

Sendinghe error informationto AFMG will not only allow us to assist you in a timely fashion but it will
also allow us to fix the problem in future program versions.take advantage of bug fixaad new
features always make sure that you are using the latest version of tiwaef(see sectior.5).

2.8 First Use

When you usd&ASHor the first time it can be helpful to adjust the most important program settings.
Generalapplicationsettings can be found in th@rTIONSarea of EASE. To go there, click on K2
menu button and then oi@PTIONS

At this point, there is only one setting to be verified. By default, EASE will be using metric units for the
unit system. If you wish to work in US units seld& QusToMARKstead ofMETRICON the pageThis
will switch, e.g., the length unit from meters to feet and inch@ther units will be switched as well.

Unit System

® Metric O US Customary

Figure2.4 Selection of unit system in Options area.

Additionallyon this pageyou may view and change the choices you made about allowing AFMG to
collect usage data for software improvements.
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3 Program Overview

3.1 Main Window

When EASE is started for the first time its main window will look similar to the picture sh&iwgune
3.1. There ardive distinct areas:

1. The title bar of the windowdisplaysthe name of the current projectlt alsoprovidesquick

access buttons foseveralfunctions.

Directly belowthe ribbon menugivesr 00S&da G2 Y2ad 2F (GKS LINRPINIY
Thearea on the lefiswherethe properties windowis shown

Theareaon the right sideusually holds variougiew windows.

Thestatus barislocatedat the very bottom.

akrown

]| New Project - EASE 5 Third | 1. 3D View - O x

File Surfaces Loudspeakers Receivers Toee— Calculations Windows Presentation v

Do PR [E

New  Open Add Save Save Load 2

4

Properties - Project T B X |[3D View X |Acoust|'c Parameters

Name: |New Project
Author:

Notes:

5

Figure3.1 Main program windowand important parts of it.

3.1.1 Short Cuts

Many functions can be accessed not jusingthe buttonsof the graphical user interface but alssing
shortcuts. There are two types of shortcuts:

1 Ribbonrbased shortcuts are linked directly to menu buttons in the ribbon. Press Alt to view
and to use them. For example, pressing Alt, then F, theim Id sequence will start a new
project just like clicking oRILE > Newdoes.
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1 Many functions also have dedicated shortcuts. For example, a new project caartszl also
by pressing Ctrl and N simultaneously. Thgsecificshortcuts are typically displayed in the
corresponding tool tip of the button or control (s€&gure3.2).

W =& 7

w Open Add Save

Mew (Ctrl + M)
Creates a new project.

| Properties - Project

Figure3.2 Tool tip for New Project menu commasttbwing the shortcut Ctrl+N

3.1.2 Window Layout

All major windows can be accessed through the Windows ribbon rfsezalrigure3.3). Click onWNDow

LAyouT> DerAULTIf you would like to reset the window layout to its original state after the first
installation.

S 55§ = &8 § A = = [E

Properties ~ Acoustic  Drawings Faces Materials Loudspeakers Processing Configurator Filter  Areas Seats Selection New 3D Distribution Frequency  Default Sound
Parameters Table Table in Use Table Blocks Stage Table Table Sets View Graph

Response System

Window avout

Figure3.3 TheWindows ribbon menof EASE.5

Windows can be resized and moved independently from the main window if desired. To move a
window, leftclick on its title bar and drag it to the new position.
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=
=

Mew Project - EASE 5 Third Edition

File Surfaces Loudspeakers Receivers Tools Calculations Windows hd

= _ = = ; = / ;
= = = @ = % A = )
Properties  Acoustic Faces Materials Loudspeakers Processing Configurator Filter  Areas  Seats Selection MNew3D  Default Sound
Parameters  Table in Use Table Blocks Stage  Table Table Sets View System
3D View X | Acoustic Parameters v
operties - Project b=

Name: |New Project
Author:

Notes:

]

Figure3.4 Floating properties windowRossible docking locations are indicated in gray.

A window can be docked back into the main window by dragging and dropping it onto one - he
docking icons.

For docked windows th® pin button can be used tanpin the window andemporarily hideit. Click
again on the™ pin button to permanently show the window.

3.2 Application Settings

The settings area of EASE 5 can be accessed by cIickinm menu button.

3.2.1 Options Page
Onthe CPTIONSpage adjustments can be made concerning the general usage of the software.

1 Inthe WNIT SysTEMsection the unit settingcan be switchd between Simetric units e.g.,
meters,and US customarfgrchitecturalunits, e.g., feet and inches

1 Inthe QUSTOMVATERIALSSection a userdefinedfolder can be selectefom whichmaterial
files are loaded and shown as part tife custom materials database (see sectif). This
folder can be on the local hard disk or on a network drive in order to make it easier to share
acoustic materialsacrossa company or project teamAll MAT files in any subfolder are
automatically loaded andesirch tags are assigned@achmaterialcorrespondindo its folder
location
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0 Use thel=7 open button toselectthe additionaldatabasefolder.
0 Use theX clear button tonot usethe additionalfolder for loading materialanymore
o Use theC refresh button to let EASE reread the folder, e.g. after a temporary
disconnect.
9 The settings regarding data collection for software improvements can be modified.

3.2.2 Other Settings

On theAccounpage the currently active license can be viewedofe details are given isection3.3).
Also, details about the installed program version are made available on this page.

On theTHIRD PARTY SOFTWAREAge, license information is listed fthre various components that are
used by EASE.

3.3 Managing Licenses

To view and manage your software license, click orlE:3M menu buttonand open theACCOUNT
page.

New Project - EASE 5 Third Edition
@ License Information Product Information

E-Mail Address
Jjohn.doe.afmg@gmx.de

Options

P License |D

EASFRE-FAEQ00-001-000-5DA-077707-3300XK

Feature Level
Third-Party Software Pro (AURA 4, EARS)

=
=]
B
=
w
=
=
FS
-
5

Expiration Date

01.10.2025 - 657 days left Version: 5.68.0.1933 - InternalTest
Copyright AFMG 2015-2024
All Worldwide Rights Reserved

www.afmg.eu

Licensed Company
AFMG Technologies GmbH

Computer Name
DESKTOP-6D4URVM

Permission for Software Deactivation
Allowed

| Deactivate Software || Switch License |

Figure3.5 Viewing account data and managing licenses.

The pageshows a number of details related to the currently active license:

1 TheE- MaL ADDRESgorresponds to the logn credentialsthat you have used for activating
the software(see sectior2.3).

9 TheLICENSE ID identifies the license that you amrrently using.When you contact AFMG
about technical support questions, you will be most likely asked foLitensdD.

1 TheFEATURELEVELprovides information about which modules are available as part of this
license.lIt will also indicate whether the current license is a trial license iamdll show the
expiration date for timdimited licenses.
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9 During the purchasehe license was registerathdera specific company name. This name is
shown underLICENSEDCOMPANYT his name will also be included when saving result pictures
from the calculation modules of EASE.

1 TheCompuTERNAMEShows the identifier that you used to activate the license initiédige
section2.3).

1 ThePERMISSION FORSOFTWAREEACTIVATIONsetting determineswhether only the same user
who activated the software can deactivate it or anybody using the computer.

These pieces of information have been either acquired when the software was activated or are part of
the license purchased. They will be updateltlen switching to another license or account

3.3.1 Deactivating the Software

In EASE, after the software was activated (see se2ti@rit can be deactivated again in order to free
up the license for use on another computé&o do so, click on thBEACTIVATESOFTWARRItton. Note
that after successfully completing this step, EASE will close and cannot be usedbaci@séng
activated again.

If you are going tailtimately uninstall the software it is strongly advised to deactivate the license
before uninstalling.

3.3.2 Switching to Another License

If several licenses are registered under the same account, you can switch betweemtemalicking

on SWITCHLICENSE you will first be asked if you want to actuaiturn the currentlyinstalledlicense.

This is required before activating a different license. Afterdineentlicense was released successfully
you will be guided through the sansetivationprocessas described in sectiop.3. Following these
steps,you can select a different license from the same user account or you can change the user
account, as well.

After completing all steps, th&ccounpage will be updated and show the current licensing status.

3.4 Managing Projects

In EASE,projects are managed using tieE ribbon menu(Figure3.6).

I I} Ne
“ File Surfaces Loudspeakers
T Iy

New Open Add Save Save Load
As

Project Drawing
Figure3.6 The File ribbon menu is used to manage projects.

Clicking on thé\ewbutton will discard the current project and create an empty, new project.
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All Formats (*.eprj frd:*xld:*.c Using theCPENbutton, you can load project files from the local
N e raea - computer or from the network. Projects saved with EASE 5 will have
EASE 5 Project (".eprj) the file extensioriepri€. You may also open projects saved by EASE
EASE 4 Project (*frd) 4, pleasesee sectiorl1.10about importing from EASEfdr more

Sound System Configuration (*.xld ] . .
CAD Mn};elsi*.dwg]g Cadd) details. CAD model files in DWG format can be loaded as well.

Certain rules apply as to which data in a DWG file can be imported
(see sectiory.l). In addition to complete projects or CAD geometry data, sound system configuration
files in the XLD text format can opened, {@ee sectiord.7.5.

Note that you can select recently used files by openingiibe Namedropdown menu.

The current project can be savedits current file location using th&avebutton or savedn a new
locationby clicking orBAVE As.

Further functions in thé&ILE ribbon menu are concerned with importing from and exporting to other
formats:

1 Using thePROJECT> ADDcommand, &istingEASE projectsas well as projestin EASE 4r
DWG fileformat and sound system configurations in the XLD text forozat be loaded and
inserted into the current projectThe projectto be addedwill be placedat the origin A
selection set will be created automatically so that timserted projectcan be moved and
manipulated easily.

This function is particularly useful when working with a library of frequently used objects, such
as columns or pews. It is also useful for updating an existing project based on a revised DWG
model file. The feature can be used for replacing parts of thdeh such as the sound system,

as well.

9 Projects can also be savedDWG format as well &8ASE 4 format using tfRROJECT> SAVE
As button (see sectioa11.9and 11.10. Notice that theDWG and EASEfdrmats are not
completely compatiblevith EASE &nd that data will beconverted and reducedccordingly.
Additionally, the sound system part of the project can be exported in thetiased XLD
format for import and useon other platforms(see also sectiof.7.5. The sound system can
also be exported as an APS model for noise immission forecasts (see $éctifyin addition,
the XED text format can be selected. For thisput format, the outlines of thefaces of the
room are converted to consecutive line elements asaVved as a wireframe drawing. This file
type can be used to create loudspeaker case drawings in EASE SpeakerLab.

1 To support model entry and easier orientatiarawing images can be loaded, as welick
on DRAWING> LoADo load a bitmap for the floor plan, front viewr section viewgee section
7.1).

Note for EASE 4 users: Projects in EASE 5 do not need to begrahkegiacked. A project file always carries all
of the relevant information with it, including speaker model files (GLL, DLL) and material files\iM& the
project file is openedhese fileswill be automatically added to tHecaldatabase if they are not already available
on the computer.

3.4.1 Limitations for Projects

It is important to note that EASE 5 has limitations regarding the size of the model as well as regarding
the number of items that the model consists of.

The software has been optimized for room models of up to approximately 10 000 faces and about
1 000 loudspeakers. Beyond these numbers, viewing or editing parts of the model may show notable
lag.
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Also, the software has been optimized for project dimensions of up3deh (up to 6 000 to 10 000
ft), in the vicinity of the originWorking with significantly greater distances may leageometrical
inaccuraciesyisual artifacts and possibly errors.

These recommended quantities also apply to the calculation functions in the main program as well as
in the calculation modules.

4 Viewing a Project

In the following chapterexample project will be used tointroduce and demonstratehe most
important functions for navigating and viewing a room in EAR&mpleroject filesareinstalled along
with the software and can be found in thecationc\UserdPublid Document§$AFMGEASHE=xample
Projects.

After zooming in, zooming out, or panninghu maywantto return to the defaultview and default
zoomof the 3D VIEwwindow. Press the shortcut CtflHor use thePRESENTATION> SCALE TO FIT
menu command to reset the zoom facteo that the room model fits the current view section

4.1 Navigating in 3D

The3D MViEwwindow is the center piece for many functions of EASE. In particular, it is used to view
and modify the room model.

4.1.1 Coordinate System

When no room is loadedhe view windowwill show only the three axes establishing the coordinate
system: the »axis (red), the yaxis (green) and the-axis (blue)The meeting point of the three axes
represents the origin of the coordinate systenamelythe location (0, 0, 0).

For better orientationalsoa small version of the three coordinate axes is display#uke bottom right
areaof the view. This axis cross is located always at the same position in the wamdiowdicates the
orientation of the main coordinate system

For building roomgt is recommended to put the origin at the fronénterof the stage oat another,
similarly important point that the audience will typically loak It isalso recommended to build the
room along the yaxis so that the stage has positivegordinates and the parts of the room where the
audience is located has negativecgordinates. For venues that are lefght symmetric tosome
degree, theyzplanewill then form the symmetrplane

Note that t is possible to change the origin at a later point of time usindtWecommand (see section
11.2.

With respect to angles, the horizontal angle is defined in thplape where they direction is 0° and
the +x direction corresponds to 90°. The vertical angle is defined relative teakis,avhere positive
angles point upward (+z) and negative angtegnt downward {z). The rotational angle is defined
relative to the axis of the object.
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Figure4.1 Empty 3D View window Figure4.2 View of loaded room model

4.1.2 Navigating by Mouse
Use the mouse to look at the room from different angles and at different zoom scales:

1 Press Shift and drag the RMB in ordep#m, i.e., tamove the model inside the view section.
You can also pressid movethe MMB.

1 Drag the RMB to rotate the model. You can gdesss Shift and the MMBimultaneouslyfor
the same effectWhile rotating, the status text in the lower left shows the horizontal and the
vertical view angle.

1 Use the mouse wheel to zoom in and out at the location of the mouse.

Thesemouseconventions correspond to the default conventions established\bypDeskAutoCAD
andRhinoceros 3D by Robert McNeel & Associates

To return to the defaulview, pressthe Ctrl4 shortcutor use thePRESENTATIOR SCALE TOFIT menu
command.

4.1.3 Hovering and Selecting Room Elements

In the 3D ViIEwWwindow of EASE, thkeft mouse buttonis primarily used to interact with elements of
the room. When moving the mouse over a surface or another objecif¢heunder the mouse cursor
will be automaticallyhighlightedand additional information will be shown in the status text (section
4.1.4.This is also calldabvering an elemenin the default view mode, the color afsurfaceslement
such as a face or an audience ared| changefrom light transparent blugo a darker blue, when
hovered.For dements thatrefer to an insert point, such as loudspeakers or listener s¢hésoutline

or symbolwill be changed to bluanda filled triangle is shown directly above the insert point

When an object is hovered, a left click will select it for further actions. The selected element is shown
in greenif it is a surface elementf a pointlike element such as a loudspeaker or listener sest,
selected,ts color andits triangle are changed from blue to green

24



EASE FhirdEditiong! & SN & DdzA RS Viewing a Project

=

-

%% ‘

[am 15w [sas |_am [ 1w

Figufé4.3 Ho()eréd facén darker blue. Figufé4.4 Seléctéd facen green.

It is also possible to select multiple elements for further processing. To do so, select the first element
by left click. Select additional elements by keeping Ctrl pressed whilelildfing on the elements of
interest. A selected element can be deselected by-tdiitking on it while Ctrl is pressdd.the 3D view

all elements can be deselected either by leficking into the empty space around the room model or

by pressing Esblote that ®lections can be stored arater recalled using selection sefsectionl1.6).

Figured.5 Several selected faces, in green.

One can also select many items at once. For this purpose, keep the left mouse button pressed and drag
the mouse over the screen area that contains the relevant elements of the room. While dragging, a
selection frame will be shown and the included itemd k&l highlighted. After releasing the left mouse
button, the highlighted items will be selected. Keep Ctrl pressed while dragging to add items to the
current selection. Keep Alt pressed while dragging to remove items from the current selection.

25



EASE FhirdEditiong! & SN & DdzA RS Viewing a Project

Figure4.6 Dragging with the left mouse button highlight Figure4.7 Selected items after using the selection frame.
the room elements inside the selection frame.

Elements can blocatedfully or partially behind other elements. To hover and possibly seleitean
that iscovered byanother element, presShiftand scrollforward with the mouse wheel. If there are
multiple elements below the mouse pointer, the program will cycle through tkdrite scrolling the
mouse wheehlnd stop at the one that is most far away from the viéworder to get back to the front,
either scroll back or move the mouse to an area of the view window that shows empty $pstead
of the mouse wheelalsothe PageUp and Pag®own keys can be usdd step through the items
under the mouse pointer

Notice that there is a priority for how room elements are provided for hoveringcaled point
objects, i.e., loudspeakers and listener seats, are always hovered first. It does not matter whether they
are behind other objects. Thesurface objects, i.efaces and audience areame hovered. These in

turn are preferred over drawings lifoth are located in the same plane, such as the ground plane (z =
0).

Note for EASE users: It is not possibla EASE ® selectelementsthat are locatedbehindother elementdy
subsequent left clickat the same mouse location

When hovering or selecting items other parts of the program may react t@teist For example, the
status text in the lower left of the 3ldew window will provide context information about the hovered
element(see sectiort.1.4). Also,when an item is selectedhe properties window on the left will be
updated to show the primary data foine object of interes(see for example sectidb).

Vice versa, if room elements are hovered in other parts of the software, they will usually also be
highlighted in the 3view. If an item of the room is selected it will also appear as selected in the 3D
view.

Use theScALE To SELEcTIONcOmmand from thePRESENTATIONDbon or the Space keip center the
selected elements in the active 3D view and zoom in on them.
4.1.4 Context Menu

When using a 3D View window, functions can be accessed through a context menu, a<aelbdt
opened by clicking the righhouse buttonanywherein the view area.
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The menwommandsshown depend on the types of items select&tie context menilpoks different
for a loudspeaker than for a face fmr a mix of different items.

2> Toggle Visibility Ctrl + H 9> Toggle Visibility Ctrl + H
-,_—ﬂ Duplicate Ctrl + Alt + D [+] Duplicate Ctrl+ Alt+ D
«»  Move Ctrl + Alt + M “  Move Cl+Alt+M |
Wy Rotate Ctrl + Alt + R . 5 Rotate Cirl + Alt + R ’
=i Mirror X | == Mirror X :

= Mirror Y = MirrorY

+ Store Selection Ctrl + Alt + S + Store Selection Cirl + Alt + S c

.

A

Invert Face Cirl + Alt + |
Area Above Face Ctrl + Shift + U

Copy Configuration

Paste Configuration

THH i
- Lad (53

Hide Properties Ctrl + Shift + P Hide Properties PR

Figure4.8 Context menu for a selected loudspeaker Figure4.9 Context menu for a selected face.

If items of different types are selected simultaneously, all commands applicable to each of the included
types are available.

4,15 Status Text

Theso-calledstatus text is shown in the lowéeft corner of the 3D View window. ttisplaysuseful
information when objects are hovered or selected. It may also shyationsor suggestionsvhen you
interact with the 3D model, e.g., when editinglftcolormappings arenabled(sectionl13), the value
corresponding to the mouse position is displayed when hovering over an audience area.

When no object is hovered,m mouse symbois displayednstead of the status textClicking on the
mouse symbol will remove the status texteafrom the lower left corner and attach it to the mouse

cursor. Click on th@ symbol, to dock the status text again.
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1 °33.18 | 7.34 [m]
125.03 m*  Generic, Concrete, Smooth Finish

©.68 | -33.17 | 8.92 [m]

Face 125.03 m? Generic, Concrete, Smooth Finish _ﬂ
Figure4.10 Status text for hovered face, docked in low Figure4.11 Status text for hovered face, attached to mou
left corner. cursor.

4.2 Viewing Options

ThePRESENTATIONbboON gives access to most of the viewing parameters for thei@i. It is available
onlyif the 3Dview window is active.

TheScALE TOFIT button is used to adjust the zoom level and the location of the model on the screen
so that t fits the size of the window aredheScALE To SELECTIONOmmand adjusts the center of the
view as well as the zoom level so that they fit the currently selected room elements.

The various other controls of tHeRRESENTATIONDboN will be discussed in the following sections.

Mew Project - EASE 5 Third Edition 3D View - a x
File Surfaces Loudspeakers Recaivers Tools Calculations Windows Presentation v
= 2T e . ~ M
W W . &« 0 O i P < | = 4
Scale  Scale to Central  Central  Perallel  Sido g End (v Plan (2) 30 From Show Cutting  Wireframe ~ X-Ray  Solid Hole  Stacked Drawings Faces |oudspeakers Audience Listener Coordinate Calculation
. B Outlines  Faces - Areas  Seats  System  Parameters

tofit  Selection | Wide | Narrow Perspective  Selectic Elyihingl Piones -

rspective Surface Style Geometry Analysis Visibility

Figure4.12 Presentation ribboproviding access to the various display options for the currently active 3Dvinelaw.

4.2.1 Perspective View

The first part of thdPRESENTATIONbbON is concerned with how the 3D geometry data of the model is
displayed (projected) othe two-dimensional screen

O ®

il | N RN =R R S R
Cer_wtral Central Parallel 42 (X) End(¥) Plan(Z) £ Fram
Wide  Marrow Perspective  Selection

Perspective View Direction

Figure4.13 Perspective views and standard view directions.

The view can be switched between differdPERSPECTIVBettings:
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1 In GENTRALWDE mode, the central perspective and a wide viewing angle will be used. This
typically corresponds to situations where the viewer is close to the building or inside the room
(Figure4.14).

1 In CeENTRALNaRROWNOde, the central perspective is used as well but with a narrower view
angle. This is the defaultew mode It corresponds to a viewing location outside of the model
that is not too far away.

1 In PARALLELMOde, an orthographic projection is used instead of a central projection. In this
mode, objects that are farther away will not appear smaller than objects closer to the viewer
(Figure4.15). This option corresponds to a viewing location at a large distance. It is often
useful, especidy for drawing or verifying models without perspective distortion.

3D View X | Acoustic Parameters ¥ 3D View X | Acoustic Paramets

Figure4.14 Central Wide Perspective Figure4.15 Parallel Perspective

TheViIEw DRECTIONScan be applied to aPERSPECTIVENodes even though they are most useful for
the PARALLELperspective:

1 TheSDE (X) button switches the view angles to show the model from the left or from the
right side, i.e., from the positive or negativalixection.

1 TheEND (Y) button shows the model from the front or from the end, i.e., from the positive
or negative ydirection.

1 ThePLAN (Z) button shows the model from the topsingone of fourdifferent horizontal
angles

1 The3D PersPECTIVbuUtton changes the view direction to a diagonal directiet2(°,-30°,
60°, 150°depending on the current orientation of the model. The vertical angle is fixed at
30°.

1 When aloudspeaker or listener seat is selected RReMSELECTIONbutton switches the view
to the location and direction of the selected element. The perspective is automatically
switched toCENTRALWDE, as well.

Note that subsequent clicks on the buttons will cycle through all possible views.
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3D View X | Acoustic Parameters i 3DView X | Acoustic Parameters

r

Figure4.16 Parallel view inxlirection Figure4.17 Parallel view in-glirection

4.2.2 Model Slices

To view or manipulate parts of the room more easdlljces or cutting planes can be configuréal
these slice viewgarts of the room are hidden without actually changing the geometry.

‘h m?] me.HH# 20134
3 | L t

Show [,u‘.t-t.ing S ¥mp [ -1150/% 1842
Everything Planes =
p— Zimk:[] -325/% 10599 []

Figure4.18 Controls for model slices.

Use theQUTTING PLANESdropdown button to select which part of the model shoddd hidden and
which part shouldemain visible. In the dropdown windowliders can be set for each ax&sch slider
represents the location of a cutting plarEhe left slidedeterminesthe lower limit and the right slider
determinesthe upper limit for the parts of the model that should be visitliéey are relative to the
bounds of the modelThe cutting planes are appliely if the corresponding check mark is activated.

- . 5]

W = ¥ €
wral - Porallel g (x) End (1) Plan (@) Ty Shy Cuttng | X-Rey | XiRayend
Wirsframe  Orien

f = * a ]
o0 G v ® Dy
tral - Parsliel  Syge ) End (V) Plan (2 30 Show Cutting X-Ray X-Ray and y Nireframe .
% Pepacive o Vinsrame. Orrtat

Figure4.19 Modelslice in the center along theaxis Figure4.20 Model slice at the bottom along theaxis

PressSHOWEVERYTHIN® disable the model sliceend return to the full view
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4.2.3 Display Styles

In the 3Dview, the room can be displayed Wariousways.These can be selected using tBeRFACE
StyLEand theGEOMETRANALYSIsdisplay modes.

L 88 ®

Wireframe X-Ray  Solid Wireframe
H Su
—— Default —— Default
Colors

iy
Default Colors
without Culling

N

With Material
Orientation Colors

¥
Material Colors
without Culling
3
Face
Colors

Figure4.21 Various ways to render the surfaces of the 3D model.

The differences with respect to ttf®JRFACESTYLEare primarily related to how faces and their borders
areshown

1 Inthe WREFRAMBLtYle, faces are indicated only by their border lines.
1 IntheX- Ravstyle,faces are drawim semiransparent blue

o IntheDerFauLTMode faces are drawn in a transparent style and they are outlined.

0 In theWrHouT WREFRAMMIOde, the outline of faces is omitted.

0 Inthe X Ray wiTH CRIENTATIONMOde, faces are drawralsoin transparent blue but
their outline is thickethan normal When looking at the acoustically active side of the
face,the color of theoutline is light gray whereas when looking at the acoustically
inactive side of the face, its outline is dark gray. This mode is primarily useful to verify
the orientation of faces in the roonsee sections5.3 about facesand 7.4 about
geometrical consistency of the modlel

1 IntheSoLiDstyle,faces are drawn in a nemmansparent, opaque style

0 IntheDEFAULTCOLOR®N0deS F I OS& | NB FAff SR dzaAy3a (KS
faces that are oriented towards the viewer are rendered, i.e., face culling is applied. In
this sacalled dollhouse view, the model inside can be inspected easily.

0 In the DEFAULT COLORS WITHOUBULLINGY 2 RS X FIF OSa I NB FAff SR
standard colors. All faces are rendered, independently from the location of the viewer.
For an inside view, one can move into the model using the central perspective views
or apply a cutting plane.

o0 IntheMATERIAL COLOR®NOde, faces are filled using the color of the material assigned
to the respective facgsee sectior8.2). Only faces that are oriented towards the
viewer are rendered, i.e., face culling is applied. In thisated dollhouse view, the
model inside can be inspected easily.
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(0]

X

In the MhTERIAL COLORS WITHOUQULLINGMOde, faces are filled using the color of the
material assigned to the respective fa¢gee section8.2). All faces are rendered,
independently from the location of the viewdfor an inside view, one can move into
the model using the central perspective views or apply a cutting plane.

In the FACE CoLORSMode, faces are filled using the coltirat is assigned to the
respective fac€see sectior?.3.89. Only faces that are oriented towards the viewer are
rendered, i.e., face culling is applied. In thiscatled dollhouse view, the model inside
can be inspected easily.

In the FACE COLORS WITHOUQULLINGMOode, faces are filled using the colibvat is
assigned to the respective facésee section7.3.8. All faces are rendered,
independently from the location of the viewer. For an inside view, one can move into
the model using the central perspective views or apply a cutting plane.

x

Figure4.22 X-Ray view without outlines Figure4.23 Wireframe view

X

X

Figure4.24 Solid rendering with culled surfaces. Figure4.25 Solid rendering using material colors.

The main purpose of th¥ Raysurface style is to support building and modifying the venue. While it
is also useful for viewing and understanding the room geometrySthed surface style is better suited

for visualizing the room due its ability to provide realistic renderings and to use surface colors.
However, theSoLiDsurface style is not designed for modifying the room model. VIREFRAMBUrface

style is available for reference and easier comparison with other tools.

Please note that th&oLID surface styles usingATERIAL COLORSvill show a completely black model
as long as no colors for the surface materials have been defined iINNIERIALS IN USE window
(sections5.4 and 8.1). When using theSoLID styles the selection functions of EASE are adapted
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accordingly, for example, only visible faces, loudspeakers, or listener seats can be selected. Also, if
several faces are located in the same plane and erroneously overlap each other, the rendering may
show a flickering.

In addition to the surface styles, geometrical problems that were detected for the model can be
highlighted using th€EOMETRANALYSISfunctions(also see sectioi.4).

When enablingHoLE QUTLINESthe program will check all surfaces of the room and if there are any
gaps between them. When there are large gaps the edges of surrounding faces will be highlighted in
red. Smallergaps will be indicated in yellow. Notice that the calculation for this function is conducted
in the background but it may require a few seconds to complete. If so, a small pragglesgor is

shown in the status bar.

The STACKEDFACESMOdeis enabled by default. It highlights duplicate fagesrange(Figure4.27) if

they have the same shape and if they are located at the same position. This is normally an error that
should be resolved by deleting one of the duplicatBise only allowed exception is when two faces
have the same shape and are located withimfn, facing away from each other. In this case, the
program will assume that the two faces represent a surface element with two acoustically active sides,
such as a ceiling cloud, a parapet or something similagse are indicated in light greeRigureb.5,

see also sectio7.3.4). When hovering over stacked faceke status text willdisplaya warningor
information. TheSTACKEOFACESMoOde is not available for thdREFRAMBUrface style nor for th&oLID
surface styles that UsSRATERIAL COLOR®I FACE COLORS

Figure4.26 TheHole Outlines mode indicatasnissing side Figure4.27 The Stacked Faces mode indicagesluplicate
wall by showinga redoutline. roof faceby showingan orange filling

Note that the GEOMETRYANALYSISsettings apply to all 3D views windows simultaneously. Unlike the
other presentationsettings they cannot be toggled on and off for each window individually.
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4.2.4 Hiding Parts of the Room Model

The remaining buttons in thERESENTATIONDbonN are used to control whictypes ofroom items are
displayed.

D2 B & Rk D

Drawings  Faces Loudspeakers Audience Listener Coordinate Calculation
Areas Seats System Parameters

Visibility
B

Case

(<

Symbol

9,

None

Figure4.28 Enabling and disabling display of room items.

LoubpsPEAKEREN be displayed usingS¥mMBoOLusing theirCAsEdrawing or not at allAs a default, the
case drawing is showif.the definition of the speaker model does not contain information about the
case, a symbol is shown instead.

Other room items, such &RAWINGFACESAUDIENCEAREAS and LISTENERSEATScan either be shown
or not. Thedisplay of theaxes of the global coordinate systeamd the summary of the current
calculation settingsan be toggled on and off as well.

Room items can bmdividuallyhidden, also. Segection11.1for a general overview

5 Project Elements

An EASE project consists of various elements. First of alprdfect carries meta data related to the
design project itselbuch as the name of the venu#t also contains 3D model information about
surfaces, receivers and sound sources. In EASE 5 also drawings such as a floor plamctadtete
with the project. Last but not least, there are acoustic propertied settinggelated to the room or
the environment that are also part of the projeatll of these elements are stored in the project file
when it is saved and recalled from it when it is opened.

In the following each type of room element will be introducesia reference&nd the basic concepts
related to it will be explainedFor this purpose, one of the example projects provided along with the
program installation will be used. These are typically located at
c\UsersPublid DocumentSAFMGEASHE=Example Projects
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5.1 Project Properties

The general properties associated with a project are shown ifPH@PERTIESVindow when no other
object is currently selected.

TheNamHield can be used to storthe title of the project. It will be shown in various places including
in the graphics output.

TheAuTHOReld can beused to store the name alfie person the team, or the company that is working
on the project. It will banoted in the result graphics as well.

TheNoTESsectionis optional and can be used to staray additionainformationabout the projects,
its specifics and perhaps any noteworthy settings.

Properties - Project v ax
Name: | Catholic Church
Author: |EASE User

Notes:

Figure5.1 General properties of an EASE project.

5.2 Drawings

In EASE,Section drawings can be loaded into the project and used as a reference while building the
3D room model. As such they are auxiliary elemdrgsausethey do not have any effect on the
acoustic calculation results or on theodellingprocess itselfThey are merely supplementary images
displayed in 3D, spatially associated with the venue.

A drawing is loaded as a bitmap fikeg.,as JPG, using tiieLE > DRAWING> LOADbutton in the main
ribbon. The basic properties of drawing object in EASE consist of itslabel, itslocation in 3D
coordinates POSITION X, Y, Z) and its scaling. TH&CALE LENGTIsetting determines the size that the
dimensionless bitmap assumes relative to the coordinate system of the prdjeetimage's aspect
ratio remains unchanged
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Properties - Drawing
Label: Drawing 3

Position

X [m}:
Y [m}:
Z[m}:

Scale

Length [m]:

0.00 |9
2000 |9

2000 | %

30.00 o

3D View X | Acoustic Parameters

4

xf %

L3

Figure5.2 Properties of a section drawing

Further functionality related to the use of drawing bitmagsich as placing the anchor pqihtding a
drawing, or choosing the orientation of the drawinig discussedn section7.1. The section also
discusseshe drawings table.

Thedisplay of sectiomrawingsas a wholecan be toggledn and offin the PRESENTATIONDbon ofthe
3D view

5.3 Faces
The surfaces that form the boundary of the acoustic volume, i.e., the room, are tatkesin EASE.

A face has a number of vertices that define its shape iFabes must be planar, that means, all of its
vertices must be located in the same plane. Thimitematicallyenforced by all drawing tools in EASE.
However, when importing DWG files or projects from EASE 4 small deviations are allowed.

The sequence of vertices defines the orientation of a face. Its acoustically active side is looking into the
room or volume whereas its acoustically inactive side is facing outward. By convention, when looking
at theacoustic side of the face, the vertices areounterclockwise ordefrighthand grip rule) They

are in clockwise order when looking at the outside of the facdovered or selected face is drawn

with a thick border when looking at the inward side of the face.
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10.00 |

. 6.52 [ 16,05 [n]
ace 16666 #* _Light consteuction

Bl P A c e : =
Figure 5.3 Hovering outwardooking side of face thin Figure5.4 Hovering acoustically active side of fagéhick
border line border line

In EASE,Baces cannot be twdold, i.e., have both sides acoustically active. When importing from
EASE 4, each twold face is converted into two single faces that point away from each other and are
spaced aparvery slightlyabout 1 mm)Such twefold configurations can beonstructedin EASE 5 as
well: TheADD BACK SIDE command creates the counter face for an existing face in order to model

ceiling clouds, parapets, or dividing wdliee sectiory.3.4).

1.39 | 7.87 | 11.e1 [m]
Face 2.51 m? Light construction T
Two-Fold Configuration

Figure5.5 A number of ceiling reflectors are modeled as faces irfolebconfiguration, shown isand color

By assigning a wall material to a faités definedhow the faceabsorbs and reflects sourahergy See
sectiors 5.4about materials used in the project aséction8.1about the material databastr more

details.

In EASE, @ facecan have one or several holes. For example, when looking at a side wall with windows,

each window could benodelled as a hole in the face representing the side wall. The acoustic
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properties of the window oanyother item in or on a wall are defined using a second face that is set
inside of the first faceln rare cases a face may also be split in several parts, e.g., when a curtain covers
a complete verticasectionof a side wall.

Properties - Face * 8 X|[3DView X | Acoustic Parameters v

Materiak Generic, Concrete, Smooth Finish
Area[m’: 8163

Outer Border: | #1 - Vertices: 6 -
X [m] Y(m) Z[m}
502 1167 152
0.00 11.67 152
502 1167 152
502 167 998
000 1167 1707
502 1167 998

Hole: #1 - Vertices: 6 a
X [m] Y m] Z[m]
-3.04 1167 9.45
0.00 11.67 1067
304 1167 945
304 1167 366
0.00 1167 3.66
-3.04 1167 366

L3

Figure5.6 The Properties window of a face with a hole shows two tables of vertices.

ThePrROPERTIE®vindow of a face showthe surface area of the face, the acoustic material, as well as
whether the face is visible in the 3D vigwar not. Additionally, he window showshe list of vertices
describing the shap&®UTERBORDERThe sequence of rim points is arbitrary but consecutiuey holes

and additional borders are displayed as tables as well. When howevergthe caption of a table or

over a vertex Jﬂl trash bin symbol is shown. It can be used to remove the vertex from the face or the
hole, respectively.

Properties - Face ~ @ X ||3DView X | Acoustic Parameters v

Material Light construction

Area[m’]: 16666

Outer Border: | #1 - Vertices: 4 -

X [m] ¥ (m) Z[m]

10.00 1000 000
10,00 10,00 1667
-1000 000 1667
-10.00 0.00 0.00

-10.00 | ©.00 | 16.67 (m]
Vertex of Face

Figure5.7 Face properties with highlighted vertex.

When hovering overa face, the status text shows the surface area of the face as well as the wall
material that is assigned to it.
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When a face is selected, its vertices are indicategragcircles in the 3l¥iew. Hoveringover any of
these circles or over any of the table rows in the properties window will highlight the vertex in both
views.

Faces can be created antbdifiedin various ways. These functions willibeoducedlater in following
sections.

Whenan overviewis needed a table showing all faces of the project is available as wetlmore
details,please se section¥.5and11.8

5.4 Materials

Room models that are used for room acoustic analysis have information assigned to the faces that
determines the acoustic properties of the face, i.e., its absorption and reflection behavior. This is
important for simulating reflections as well as the rdverant field. The information is not needed
when only the coverage of the sound system is of interest.

When hovering over a fage the 3D view thenaterialassigned to the facis shown in the status text.
More information can be found in thBATERIALS IN Usewindow that can be accessélroughthe
SURFACESbbon menu(section8.2).

By default, theVhTERIALS IN Usewindow shows a view with a number of tiles. Each tile represents a
material in the project that was assigned to at least one fatmvering over tile will highlightthe

faces with the same material. The tile itself shows the name of the material as well as the surface area
that it covers relative to the totalin percent andabsolutein square meters or square feet. The
background of the tiléendicatesthe absorption spectrum in a lightayr. The color button in the upper

right shows the color that is ed for solid renderingbased ommaterial colors.

4

Properties - Project ~ B X||3DView X | Acoustic Parameters

Name: |Auditorium
Author: | AFMG

Notes: ‘

Example project by AFMG.
Version 6. _— ‘

Materials in Use >~ ax
coa 1

885 == = E |

Light construction Seating, heavy upholst.. X M soft, porous material (d.. M

713 % 16.7 % 11.9 %
2 195.86 m? 51539 m? 366.64 m?

L3

Figureb.8 Materials that are used in the project. One of the mateilas is highlighted as well as the faéeghe 3D viewo
whichthe materialis assigned.
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To see more detailor a materia) hover over the™" information iconof the material tile Thistooltip
window showsthe curves of the absorption and the scattering coefficient, the description, as well as
other information.

Seating, heavy upholstery, audience - with scattering

Avg. Abs.: 0.65
1.00

0.80

060 #V/-

0.40

Coefficient

0.20
0.00
315 63 125 250 500 1k 2k 4k 8k 16k

Frequency [Hz]
® Absorption ® Scattering

Search Tags: None

Medium to heavy upholstered chairs, seated audience on any seating type

with estimated scattering.

Surface Area: 51539 m® 167 %
Equivalent Absorption Area: 337.58 m?

Figure5.9 Details window showing the propertie§a material assigned to faces of a room model

Materials in Use The small toolbar in the top part of the window provides accesitther

N = functions. The firstthree buttons toggle betweendifferent views of the

88 == 2 = materials in the projectthe tiles view the tabular view and the absorption
curve editor Each of the views shows similar informatidnut in a different layout. Thisurth button
showing a clipboarétonallows copying the table tthe Windows clipboardo that it can be used for
creating reports or archiving purposes

Please see sectio® for more information about the material database atite MATERIALS IN USE
window. This section also discusses modifying materials and analyzing their effect on the reverberation
time.

5.5 Loudspeakers

In EASEsound sources are callégudspeakersThe term loudspeaker is used also for objects that are
construed of several cabinets, such as mechanical line arrays or clusters, as well as for digitally steered
columns.The term loudspeaker is used for arbitrary sound sources or human voices such as speakers
or singers, as well.

40



EASE FhirdEditiong! & SN a

DdzA RS

Project Elements

Properties - Loudspeaker
Label: HL-SS
Model: SR829K_2Way ( Renkus-Heinz ) |

Position Orientation

Filter Configuration

Gain [dB]: 00|%

Delay [ms]: 0.00 %
2

Configurator

X [m]: 732|% Vertical [ 200|%

~ 0 X ||3DView X | Acoustic Parameters

ad

7.32 | -17.17 | 5.49 [m]
HL-S5  SR829K 2Way Renkus-Heinz

Figure5.10 Properties window for a loudspeaks&rowing its location, aiming angles, and gain setting

The basic propeiesof a loudspeakeinclude thelabel,whether it is visible or ngthe speaker model,

the position,the aiming direction as well as gaamd delay

9 TheLaBELcan be any name but it has to be unique throughout the project.
1 The loudspeaker can be visible or invisible in the 3D view, this can be controlled using the

<@ putton.

1 Every loudspeakenust havea speaker modedssignedrom the local databasésection
9.1). The speaker model represerasoudspeaker product antbntains information about
the sensitivity, the directivity and the maximum SPL capabiliies product name and
the brand of the currently assigned speaker model shewnbehindthe MoDELcaption.

Hover over

the" " icon to see more informationThe default speaker model is

OVINIDIRECTIONAL
1 ThePosiTioNof the loudspeaker is given in 3D coordinates<by, Z values.
1 TheQRIENTATIONOf the loudspeaker describes where the loudspeaker isdiosing the
VERTICALand HORIZONTAIANgles. ThdROTATIONAlangle can be set as welthe default
orientation is in they direction.

1 TheGuIN and DELAYsettings are part of a filterstagethat is attached to the loudspeaker

and that can be opened through tt-* filtersicon or theLOUDSPEAKERS FILTER STAGE

ribbon button (sectiorB.4 for more details) Note that the gain cannot be greater than

I SN2 |

Note that for all numerical fields you can use ?lepinner buttons or the mouse wheel to increment

a Ad

or decrement therespectivevalue.

Ad RSTAYSR NBfFUGAQGS G2 0KS

In the 3Dview, the loudspeaker isepresented by its case drawiranpd two arrows indicating the

aiming direction and the upward direction relative to the cabinet.

When hovering over a loudspeaker, the status text showddhel, manufacturer and positioof the
loudspeaker. In the 3D view, aiming lines are displayed for the currently selected or hovered

loudspeaker.
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L3 L3 k
Figure5.11 Case drawing, aiming lisand aiming arrows for conventional loudspeaker (left), mechanical line array (center),
digitally steered column (right)

Besides théFILTER STAGEwindow, there are two more windows that allow viewing and configuring
loudspeaker objects. Both can lmggled on and offising theLoUDSPEAKERBboN:

1 The CoNFIGURATORINdow (section9.7) provides access to the configuration af types of
loudspeakers, and especially line arrasisisters, and similar arrangements

1 The LoubsPEAKER®BLEWiIndow shows all loudspeakers that are currently defined in the
project (for more details about the tablesee also sectis®.6and11.9).

Notice that in the upper right of theroperties window a green rectangle is shown. This is a status
-1x| indicator for the loudspeaker object. It may be yellow or red if some of the properties
= | of the loudspeaker are in conflict. For example, if the current configuration of a line
L array exceeds the weight limgiefined inthe correspondingGLL file, the indicator will
be red. Hover over the rectangle to see more information.

Loudspeakers can be assigned to signal procebsicgs(see sectior®.5). Sucha blockallows setting
gain delayas well as filterfor a whole set of loudspeakers simultaneously.

The configuration of a loudspeaker can be copied to other loudspeakers usir@kvand PASTE
functions (section9.7.7) and it can be loaded frormnd saved t@ configuration file (sectiof.7.5).

The display oioudspeakersn a 3D viewcan be toggledn and offin the PRESENTATIORbbonN.

5.6 Audience Areas

In EASE, virtual listening planes can be defined. These are aadlexhce areaand they are used to
calculate mappings ani investigate the spatial distribution of resuduantitiessuch as SPL or STI.
Audience areaare generally understood as parts of the room where the audience is located or where
listeners may be expected. However, they do not have any acoustic propertigheyndo not affect

the propagation of sound in the simulation. Rather, they represent imaginary surfaces that are scanned
at a certain resolution in order to generate mapping points that act as probeiqasibr acoustic
receivers.

TheProPERTIE®Vindow of an audience area is very similar to that of a face. It has a border consisting
of several points. It can have holes as well. An audience area alsd_hasldhat must be unique in

the project.lt is shown in the status text when hovering over an audience area in the 3DNe <

button controls whether the audience area is visible or invisible in the 3Dsview

How audience areas are inserted in the project is discussed in sé€tihn
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Praperties - Audience Area ~ @ X||3DView X | Acoustic Parameters

4

Label: Area Balcony

Ear Height [m]: 120

Area [m?]; 6493

Outer Border; | #1 - Points: 4 a

X [m] ¥ [m] Z[m]

761 -2891 348
-161 -33.18 348
761 -33.17 348
761 2891 348

[l
Figureb.12 Properties windovef an audience are®ase plane antistening planeare indicated in the 3D view
It is important to understand that in EASE 5 an audience actuallyconsists of twavirtual surfaces

1 There is thebase planevhich can bémaginedas the floor surface that people are standing
on. TheX Y, Z coordinates of theDUTER BORDERefer to this base plane. It is the base plane
that is entered bythe insert function or modified by editing tools.

1 Then there is thdistening planavhich is at ear height above the base plaméhe vertical (+2)
direction. The mapping will actually be computed at the listening plane. The height of the
listening plane above the base plane can be adjusted usingaAR&EIGHTsetting. This makes
it very easy to compute results at different ear heights without changinddbation of the
audience area itself.

The display of audience areasthe 3D views can be toggled in th€RESENTATIOKIbbonN. A table
showing alhudience areas can be accessed throughRbeeIVER®r the WNDOwsIbbon. See sections
10.1.4and11.8for more details

An audience arein EASE %an have more than 4 pointélowever, the calculation modules can
manage only audience areas withree or four points. Therefore, when using tHeOOM NAPPING
module an audience area with more than four points is split into triangular areas. These triangular
areas areautomaticallycombined to one area group that can then be selected easily as an area group.
The labels of the triangular areas have tlabel of theoriginal area with a consecutive number
appended to them.

5.7 Listener Seats

In EASE, stalled listener seatsan be used to represent importaligteningpositionsor measurement
positions.Mapping resultcan be calculatedt these specificlocations as well aguralization results.
Like audience areas, listener seats have no acoustic effect but act as virtues im¢he room

A listener seat has anique LABEL a PosiTIoNgiven in 3D coordinateX, Y and Z, as well as an
QRIENTATIONdefinedby the VERTICAL HORIZONTABND ROTATIONAGNGles.The default orientation is in
the +y direction.Using the<> button the listener seat can be hiddan the 3D vie\s.
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In the 3D viewthe listener seat is indicated by a chair symibdhen hovering over a listener seat, the
status text shows the label of the listener seat.

Properties - Listener Seat ~ 0 X ||3DView X | Acoustic Parameters

L3

Figureb.13 Propertiesvindow ofa listener seashowing its assigned name, its position and its orientation
Please find more details about inserting and managing listener seats in the room in $€cflon

The display of listener seaits the 3D vievs can be togglean and offin the PRESENTATIORDboN. A
table showing alllistener seatscan be accessed through th&ECEIVERSDr the WNDOwsibbon. See
sections10.2.2and11.8for more details.

5.8 Acoustic Parameters of the Room

By default, there is a second tab right to the tab of 8i2 ViEwwindow. Itbelongs tothe ACOUSTIC
PARAMETERSINdow. This window provideaccess toseveral important quantities that are derived

from the room geometry, such as the room volume, as well as access to general acoustic properties of
the room, such as the reverberation time.

This window shows each room parameter as a tile in a schematic view. The view also indicates
dependencies between guantities. Some tiles can be hovered and selected in order to view more
information or edit settings. You can zoom inadiagram tile by scrolling with the mouse wheel when

hovering over the tiler by clicking on th zoom icon
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Properties - Project - B X || Acoustic Parameters X | 3D View v
Mame:  Auditorium put Signal Al Properties violume Surface
Author: |AFMG Pink Noise 20°C, 60 % 11276.93 m* | 3077.88 m*
I emperature | bumidity
Notes:
Example project by AFMG.
Version 6.
Global EQ Measured Reverberation Time Calculated Reverberation Time
0.0 dB 190 s 188 s |
Mid-Band Wid-Band
Sound Syster Reverberation Time Measured Noise Leve
2. 1.88 s 487 dB (A)
Active Loudspeakers Nid-Band 515 d8 2)
Réverbarant Leve Schrosder Frequend Noise Spectiu
99.0 dB (A) 28 Hz
101.8 dB (2)
Calculations

Figureb.14 Acoustic parameters windoshowing various elementary properties of the room.

Please refer to sectiorl9 for the formal definitions of the displayeduantities and acoustic
parameters.

5.8.1 Air Properties

In the upperpart of the window, theAR PROPERTIE&re shown. Click on the tile to select it. In the
PROPERTIE®/indow on the left, theTEMPERATURBRESSURa&nd HUMIDITYOf the air in the venue can be
specified. These parameters have an effect on the absorption of sound as it propagates through air as
well as on the speed of sound (see also sectign

Air Properties Properties - Air 0¥
Temperature [*C]: 20,0
o Q
2U C r 60 f}rﬂ Preszure [hPa]: 1010 «
Temperaturs Humidity
Humidity [36]: 60 ~
Figure5.15 Air properties tile. Figure5.16 Air properties window.

5.8.2 Room Volume and Room Surface Area

The tile labelled/oLumshows the overall volume of the roo(seeFigure5.17). It is estimated from

the surfaces that have been defined for the room. If you have modelled a venue without a roof or if
you have entered just somiesteningareas on the ground, this quantity will have little meaning. In
particular for calculations based on statistical acoustics which assume an established diffuse sound
field the room must be closed.

The vertical bar on the right of the volume tile indicates whether EASE considers the room as open or
closed. Hover over the bar to be informed about the current status

9 Ifthe bar is green, the surface elements defined for the room form a consistent, closed surface.
91 If the bar is yellow there are small gaps or inconsistencies.
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9 If the bar is red, the missing or inconsistent pieces of the room are big enough to put
calculations based on statistical acoustics in question.egoation ofEyringor Sabinefor the
reverberation time cannot be applied reliably in these cgses alsd 9.1). Also, when running
ray-tracing calculationssoundparticles may leave the room unintendedly and tHead to
erroneousresults.

How to analyze and resolve problems in the room geometry is explained in more detail in Sedtion

Note that in the special case thatdé room volume is shown asnegativefigure, this indicates a
problem related to the orientation of the surfaces. It is likely that most of them are oriented in the
wrong direction and therefore lead to a calculated volume that is negative. The furiRIFPACES>

I NVERTALL FACEscan then be usedo switch the orientation of all faces of the rooas a starting
point.

TheSURFAcCHIe shows the overall surface area of the ro¢seeFigure5.17). Like the room volume it
is estimated basedn the surfacesf the roommodel Errors or inconsistencies related to those will
also affect the accuracy of the calculation of the surface area.

Volume Surface Average Absorption Coefficient
11276.93 m? 3 077.88 m? 0.25
1 kHz (1/3rd Oct)

Figure5.17 Tiles for room volume, surface aread average absorption coefficient.

5.8.3 Average Absorption Coefficient

As an indicator for the overall absorption the average absorption coefficient is shown for the 1/3
octave band of 1 kHn the AVERAGEABSORPTIONCOEFFICIENTle (seeFigureb.17). It is calculated as
the average over all surfaces of the room and the absorption coefficient assigned to them.

5.8.4 Reverberation Time

The parameters defined above can be used to estimate the reverberation (Riigof the room

according to Eyringr Sabinewithin the model of statistical acousti¢see alsal9.1). The result is

shown in theCALCULATEBREVERBERATIOMIME tile. Like for the room volume a vertical bar on the right

indicates any problems arising from the current definition of the room. These may be related to
questionable resuT 2 NJ G KS NRB2Y @2fdzyYS 2NJ G2 YAdaiy3a Ay T2N

You can zoom into the diagram hgvering over a tile andlicking on the*A zoom iconor using the
mouse wheel. This will show the RT curve in greater ddtad.single value displayed as a number is
the average R®f the mid-bandfrequency rangdrom 400 Hz to 5 kHz.

Clicking on the diagram shows tReROPERTIE®/indow for the calculated R'&s well The table lists the

RT values for each If3ctave band fron25 Hz t020 kHz. Th(éj button can be used to copy the
table to the clipboard and uséhe data elsewhere.Use the RT button to switch the effective
calculation modebetweenEYRING MODELand SABINE EQUATION
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Measured Reverberation Time Calculated Reverberation Time
1.90 s 1.88 s
Mid-Band Mid-Band, Eyring

Reverberation Time

1.88 s

Mid-Band

Figure5.18 The reverberation time can be either measured or calculdthd.switch in the center determines which curve is
used.

The MEASUREDREVERBERATIONIME tile works similar to theCALCULATEDREVERBERATIONIME tile. It

allows you to enter a usatefined reverberation time, for example, if the RT was measured or if a
target RT was choseflick onthe % zoom icon toview the data. In thROPERTIESVindow the RT
curve can be specifie@ither in 1/1 octave resolution or in 18octave bands. If only a misand
estimateis available for the RT this can be entered as well and the software will extrapolate the given
valuein the frequency domaifased on an average of typically encountered RT cutves thelf

button to select the frequency resolution for entering the data.

Note that you can copy and paste an entire set of values from another software application into the
text fields by pressing Ctrl+V.

Either RT, calculated or measured, can be used for room acoustic calculations such as of Total SPL or
STI. To select one of themlick on theswitchingsymbol above théReVERBERATIONIME tile. The
REVERBERATIONIME tile will then show the selected curve asdbsequentcalculations will use the
accordingdata.For roomacoustic calculation using the measured € average absorption for each
frequency band is calculated using tineerseEyringequation

Calculated Reverberation Time Measured Reverberation Time

3.0 Mid-Band (400 Hz - 5 kHz): 1.88 s Mid-Band (400 Hz - 5 kHz): 1.90 s
2.5 Eyring

T
in
RT [s]

315 63 125 250 500 1k 2k ak 8k 16k

Frequency [Hz] Frequency [Hz]

Figure5.19 Reverberation time calculatdshsed on Eyring's Figure5.20 Reverberation time that was, e.g., measured
equation(green), compared to the Sabine RT (gray). chosen as a target given only by a rbighd value.

Further details about using the reverberation time in EASE are provided in s@@&ion

Schroeder Frequent) In all three diagramthat showthe reverberation time the background of the

28 Hz very low frequency range may be shadsdeFigure5.19 or Figure5.20). The
upper cutoff frequencyof the shaded areas the Schroeder frequencit is
generally assumed to represent the lowkeequencylimit for EyringSabine

47



EASE FhirdEditiong! & SN & DdzA RS Project Elements

statistics and geometrical acoustics. The exact value for the Schroeder frequency is shown on the
SCHROEDHERREQUENGNe below theREVERBERATIORIME tile. For more information about this acoustic
guantity, please see sectidi®.1in the appendix.

5.8.5 Input Signal

The type of input signal that is used for simulating the excitation of the room by the sound system is
shown in thel NPUT SIGNALtile in the upper left of theAcousTICPARAMETERSINdow. The following
different types of input signals are available:

1 PINK Noise When using this signatvery 1/3° octave bandof the spectrumis driven athe
same levelThis is the default.

1 TheSPeEeCHCRITICAL (IEC 60268- 16:2020) signal is a broadband signal with emphasis on
the speech bands as defined by the STI standard. The spectral shape is representative for the
frequency spectrum of talking male speakers. Tmton should typically be selected for STI
calculations and in particular for modeling worstcase scenarios ancemergency
announcements

9 TheSPEeECHCFFICE (ISO 3382- 3:2022 - 04) signal is also a speech signal but represents a
mix of male and female voice spectra.was definedin particular for analyzingoffice
environments

1 ThePrROGRANIEC 60268-1) signal is a broadband test signath a spectral shapéhat is
similar to typical program material and relatively close to pink noise. This signal covers a broad
range of applications and is not as unnatural as pure pink noise.

1 TheMusic (EIA 426B) signal is a broadband sigmveith aspectral shap¢hat is derived from
the average of many pieces of different music.

Additionally the Use LIMITED BANDWIDTAption can be selectefbr any of the input signaldt applies

a bandpass that attenuates thaput signal outside of théandwidth of 100 Hz to 10 kHaVore
precisely, he filter is a Butterworthhandpasswith a slope ofl2 dB/octave(2" order) andthe corner
frequencies of 88 Hz and 11.3 kM¢henactive this option allows comparing absolute levels between
the Acousteer mapping calculatiofeection13) which are conducted at the full audio bandwidth and
the calculation modulegsection14 and following)which are limited to the 1/3 octave bands of 100
Hz to 10 kHAVheninactive due to the different signal bandwidths, differeabsolutelevelswill be
achieved basedn the modelng of themaximum input voltagesge below as well asections9.4.1,
13.7,19.2.0).

TheSAFETY MARGIN FOR CREST FACTORsetting for the input signal relates to trabsolutelevel of the
input signal. If a value different from the defamhlue of O dB is chosen, an additional broadband
attenuation is applied to the input signal. If the achievable maximum outpubBfk sound system

is a design aspect, isetting can be used to include additional headroom in the simulated signal
processinglt could be necessary, for example, if the MIV of the loudspeakers irnthatds specified

in the speaker model GLis too high for the type of application or program materaid cipping or
distortion hare to be expectedn practice when it is appliedMore details arediscussedn sectiors
9.4.1and13.7.

The background of theNPUTSIGNALtile shows the frequency spectrum of the selected signal in gray.

"
To zoom in, scroll the mouse wheel or click on “Leoom icon while hovering over the cha@lick
again to return to the full view.
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4

Properties - Input Signal - B X || Acoustic Parameters X | 3D View

Signal Definition Input Signal Air Propertiss olume Surface
9 GR3RED Pink Noise 20°C, 60 % 11276.93 m* 3077.88 m*
-, Speech Critical CF 00 dB emperature Humidity
= IEC © 16:2020
~ Speech Office
b SO 3382-3:2022-04
- Program Global EQ Measured Reverberation Time Calculated Reverberation Time
= IEC 60268-1
, M 0.0 dB 190 s 188 s |
E1A 4268 wid-gand Wid-Band
Use Limited Bandwidth
100 Hz - 10 kHz
Input Filter Stage I R P L
Safety Margin for Crest Factor [dB]: 00 v
De 1.88 s 487 dB (A)
Active Lot Wid-Band 515 dB (2)
Rén ant Leve Schroader Frequend No
99.0 dB (A) 28 Hz
101.8 dB (2)
Calculations

Figure5.21 Selection of input signal with available options in the properties window on the left: pink noise, speech, program,
music.

By default, e OK f 2 dzZRA LIS { SNJ Ay (GKS &aAyYdz I in&Rwun@ifpvtdzS A a
capabilities so that its maximum output SPL is produced

9 For loudspeakers referring to Ghased speaker models, the drive level is automatically
maximized on the basis of the spectral shape of the sgm#hatthe maximum input voltage
(MIV) of the loudspeakeris reached The resulting output SPL may be higher or lower
depending on the type of input signafhis consideration also includes the internal filter
settings of the loudspeaker as well as any filters defined directly at the loudspeaker inputs.

9 For loudspeakers referring tmroprietary,DLEbased speaker models, it is not possitdethe
softwareto determine the MIV The input signalis therefore appliedasa relativespectrum
where themaximumis O dB All other bands are attenuated, accordingGhoosing a signal
different from pink noise will result innreequalor lower broadband output SPL.

The drive voltage applied to a loudspeaker can be viewed in the loudspeakers table (9datidine
EFFeECTIVE MIV columnof the tableshows thesimulatedeffective input voltage in dBV based on the

AAAAA

48t SOGSR AyLlzi &A3yIE | YR (i RobthefeBedrBfdielS high@mND & A y i &

the signal chain, please see sectibi.1

5.8.6 Global EQ and Sound System

The input signathat is fedinto the sound system can be modified with respect to its gain and its
spectral shape. Such global filter elements are defined and adjusted usi@aeaL EQ tile in the
ACOUSTICPARAMETER&INAOW.

The global EQ can be uséal, example, to set the level of the sound system to maximum output or to
a userdefined operational level. It can also be used to equalize the sound system as a whole.

After selecting th&a oBALEQtile, the gain setting can be changed in ROPERTIE®indow. Further
filters can be applied using tHeLTER STAGEwindow. It is available also for individual loudspeakers
and processing blockand can be openedy clicking orthe - filters icon orusingthe WNDOwWS>
FILTER STAGHEiIbbon menu.See sectio®.4for more details about the filter stage functions.
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Properties - Global EQ ~ B X | 3D View Acoustic Parameters X v
Filter Canfiguration Sl St Average Ao
Gain [dB]: 60 ¥ Pink Noise 20°C, 60% 11 276.93 m? | 3077.88 m? 0.25
Temparns | i e oo
Global EQ Measured Reverberation Time Calculated Reverberation Time
-6.0 dB 1.90 s 1.88 s I
wi-aand frivs
2 1.88 s 487 dB (A)
adislovdrpeskes 0 midsna 51.5 dB(2)
93.0 dB (A) 28 Hz
951 dB (@)
Calculations
Filter Stage - Global EQ - BX
A, riterstage  [@][B] = High Pass [s][e]m Filter Transfer Function
20 180
= [s[e]@ Shape Butenoth 130
= 80 o
_\+ Gain [dB]: 60 %  Frequency [Hz): 125 |& 2 o %
H
_ Za0 60 &
+  Delay ﬁ\iw Slope [dB/Oct.]: 12 > 120
s . -0 . -180
+  Delay [ms]: 0.000 4 ns 63 125 %0 S0 * & 8k 16k
Frequency [Hz]
o Level © Phase

Figure5.22 The globaEQ allows applying signal processing to the entire sound system. In the example shown, 6g#in of
is applied as well as a light higlass filter.

Note that the global EQ is applied to the input signal independently from the other elements in the
signal processing chaifihe global EQ affects the output signal of all loudspeakers in the same way.

Sound System Below the@.0BAL EQtile there is theSOUNDSYSTEMile. It indicates the
number of active loudspeakers as well as tobgerall number of
20 20 loudspeakers.

Active Loudspeaksrs

Avyellow or red bar on the rightpresents a warning and indicates thie
sound system configuration is not well defindtbte that the sound system status can change when
the simulation configuration is changed (sectid3.2.9 because the simulation configuration
determines which loudspeakers are active.

5.8.7 Reverberant Level

When the sound system igrned on, it willfill the room with acoustic energy. This energy is absorbed
by the air as well as by the surface materi@alshe room. When the equilibrium of energythat is
supplied by the sound system antlenergy that is absorbed is assumdide steadystate levelof the
reverberant field can be determined. This quantity is shown orRERBERANIEVELtile in the lower

left of the window.

The value is determined for each ¥®ctave band based on the sound power output of the active
loudspeakers as well as the room volume, its reverberation tiare the average absorption
coefficient. As the metric depends on the frequenay,well the correspondingliagram is shown in
addition to the broadband figuren the tile It can be viewed in greater detail by zooming into the tile

A
using the mouse wheel or L zoom icon.
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Likefor the reverberation time, the very low frequency range where this type of calculation is not
reliable is indicated by a shaded background.

The reverberant level cannot be computed, for example, if there is no sound systéth@room is
not closed Also, loudspeakers based on proprietary speaker models (DLLS) are igrtoedzhr on the
right of the tile indicates related warningand errors based on the input data available for the
calculation.

Reverberant Level

100.0 Broadband: 99.0 dB (A), 101.8 dB (2)
80.0
60.0
40.0
Reverberant Level 20.
0.0
99.0 dB (A) P

o

Level [dB]

o
o

101.8 dB (Z)

Frequency [Hz]

Figure5.23The Reverberant Level tlleft) and diagram (rightshowinformation aboutthe acoustic energy contained in the
steadystate diffuse field

Selecting the tile will automatically switch tHROPERTIESvVindow to display the spectrum of the
reverberant field in a tabular format. If needed the data can be exported to the clipboard like from
other windows. Like for the reverberation time, the frequency range below the Schroeder frequency
is indicated in tle diagram by a shaded background and in BR®PERTIESVindow by rows that are
grayed out.

Please note that the numbers displayed here may deviate slightly from the values calculated in the
calculation modules (sections4 and 16) asthe main program is using a more precised faster
method to determine the sound power output of the loudspeaker system.

5.8.8 Noise Level

The settings in the right bottom of th&cousTICPARAMETERSINdow are used to define the ambient
noise for the simulatedoom. Clicking othe MEASUREDNOISE LEVELtile will update thePROPERTIES
window to show the current noise level valud$e frequency spectrum of the noise is shown in the
NoISE SPECTRUtile below. Clicking on th® zoom icon or scrolling the mouse wheel will zoom in on
the related two tilesIn EASE,3he noise level can be defined based on a siBfeADBANZalue or
based on a fractionabctave spectrum ilfocTAveor 1/3  QcTAavEesolution. The frequency resolution
can be chosen using ttAf button.

With respect to datantry,you can copy and paste values from another application into the tdlle.
absolute level of the noise spectrum can be adjusted in increments of 1 dB usi+atitt- buttons.
Noise spectrasuch as NC or RC curves) be importedalsofrom files, including from the database

installed with EASE. To select and load a noise spectrurpréles the_= button.

The resulting curve is shown in tNeISE SPECTRUtie. It will be applied to all calculations that require
information about the ambient noise level, such as &ld¢ulations The MEASUREDNDISE LEVELtile
shows thecorrespondingoroadband noise level in dB (A) and dB (Z).
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While the noise spectrum is generally defined from 25 Hz to 20 kHz, parts of the program use only the
range of 100 Hz to 10 kHz, such as the Room Mapping mddote.also that the abovenentioned
noise spectrum files are limited to thssnallerfrequency range, as well.

Properties - Measured Noise Level ~ B X| 3D View Acoustic Parameters X v
-
£] Af +-
Frequency Band Noise Level [dB] izzREE] (e v
25 Hz
- 39.0 dB (A)
“ke 493 dB (2)
50 Hz
63 Hz
80 Hz
100 Hz 39.0
125 Hz 404
160 Hz 344 Schroeder Frequency Noise Spectrum
200 Hz 320 .
250 Hz 323 3 6 HZ L ;,
g
400 Hz 348 T T im, i = - o
500 Hz 337 1
630 Hz 253
800 Hz 271 |~

Figure5.24 Properties window (left), broadband level display (upper right) and diagram for noise spectrum (lower right).

Use the switch below thBDISE SPECTRUTile to turn off the noise for any calculations.

AN

125 250 500 1k 2k ak 8k

Frequency [Hz]

[

Figure5.25 Switch for ambient noise

5.9 Further Project Elements

When several items are selected simultaneously, BROPERTIESVindow shows a summary of the
selection. This includes the total number of selected room elements as well as the number of selected
itemsof each different type. Additionally, the total surface area of the facesdditite audience areas

isdisplayed
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BE >C Auditorium, Sl.eprj - EASE 5 Third Edition N 3D View - O X
File Surfaces Loudspeakers Receivers Tools Calculations Windows Presentation v
i)
D o =
New Open Add Save Save Load
As
Project Drawing
VPropenies - Multi Selection v B X||3DView X | Acoustic Parameters v
Total: 20
Drawings: 3
Faces: 12 3077.88m*

Loudspeakers: 2

Audience Areas: 1 51539 m? Z T .
Listener Seats: 2

Figureb.26 Selecting multiple elements displays a statistical overview in the properties window.

A project can have further elements:

1 Processing blocksan be used to group loudspeakers and apply additional signal processing
functions to them, such as gain, delay, and filters. See se@tifior more details.

9 Selection setare used to group any number of room items. These selections can then be
recalled at a later point of time, e.g., to jointly modify the items assigned to the set. See section
11.6for more details.
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6 Prerequisites for Inserting or Editing a Room

6.1 Undo and Redo

Whenever the room model is changed, the chafgstored in memory. Iltan be undone using the
undo button from the quick access meniihe icon on the button shows an arrow pointing
counterclockwiseYou may also press the shortcut Ctrl+Z to the same effect.

meE >

Figure6.1 Quick access menu with program icon, save button, undo button and redo button (from left to right).

If you wish to redo a change that was unddrefore, click on the redo button or press the shortcut
Ctrl+Y. The redo button is the button with the arrow that poicisckwise

Note that the information about any editing steps is lost when closing the program. Opening a project
will also discard the undo memory.

6.2 Mouse Modes
EASE 5 offers a range of different mouse modes that are used to view and edit the room model.

An imporantmouse mode is th8URFACES | NSERTPOLYGOMOuUSe mode because it is useddefine

the surfaces thaestablishthe room. We will discuss it in secti@B. Another important mouse mode

is the SELECTIONMouse mode (see alssection4.1.3 about hovering and selecting itenwhich is
available on the very left of most ribbanenus. In the following sectior®.3 we will use theMEASURE
mouse mode from thdooLgibbon menu to explain how 3D coordinates can be inferred or entered.
A mouse mode can be switched on by clicking on the respective button.

All mouse modes except for tHRELECTIONNOde can be left by pressing Escswitchedoff via thar
correspondingmenu ribbon buttors. Most mouse modesemain activatedafter the operationwas
finished, such as inserting a faddis allows performing several operations in a row without having to
re-activate the mode each time.

Notice that some modes require multiple steps to finish, e.g., inltheERTPOLYGOROode at least
three vertices spanning a plamaust be defined to creata new face. On the other hand, thelvERT
FAaceEmode requires only a single step, namely selecting the face that should be inverted.

Some modes require an object to be selected before they can be activated, suchFasthiel FACE
mode. Other modes require an object to be selected as the first step after they have been activated,
such as thévbvemode.Many modes, such ds\VERTFACEhave a dual function. They can be activated
when there is no item selected in order to select and change items subsequemthe &r multiple

items are alreadyselected before activating the mode, the changenmsnediately applied to all
selected itemsand the mode is switched off agaiy number symbol on the respective ribbon button
indicates the number of affected itenfBigure6.2). Refer to the tooltip of each mode for more details.

+ O
7

Invert
Face

Figure6.2 Invert face ribbon button if three faces are selected.
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In most modes the previous step can be reverted by pressing the shortcut U.

Many editingmodes provide a preview while editing. For example, whenMbeemodeis active any
displacement of the object to be moved is indicated by a light, yellow version of the object in the new
place

Figure6.3 Previewwhile moving gace.

6.3 Defining 3D Coordinates

Many mouse modes in EASE 5 require 3D coordinates as input. For example, when inserting a face, the
X, Yand Z coordinates of each u§ vertices must be defined. When moving an object, the target
coordinates must be known, as well. Howewghen usinghe mouse cursoonthe computer screen

only two coordinates are immediately defined whereas the depth is unkndwerefore, additional
assumptions and tools are requirdaht facilitate specifying 3D coordinates.

The functions introduced in the following sections are explained and shown interactivelywidear
tutorial for room entry

6.3.1 Measuring Distance and Delay

In the following section we will use thildoLsS> MEASURINouUse mode talescribeall important ways

to define coordinates and infer locations in 3D space. These functions and techniques are available in
all modes, sometimes in a slightly modified or extended wBwyt generally speaking, they are
consistent throughout the program.

TheMEASURINOde is a twestep mode. That is because measuring distances requires defining a start
point and an end point. A lettlickin the 3D viewor any of the functionsntroducedin the following
sections can be used to define the start point for the measurement

After the start point is set, measurements will @Betomaticallytaken and displayed assuming that the
current mouse location is the end point. Leficking again will define a new start point.
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Distance: 12.33 m | 35.983 ms z
Polar: Ver @.8° | Hor 125.1°

Displacement: 10.09 | 7.89 | @.e@ [m] -
Start Point: 12.32 | -16.67 | @.@@ [m]
Target Point: 22.41 | -9.58 | e.ee [m]

Absolute ¥ X[ml:| 2293 Yim):  -8.69 Z[m}: 000

Figure6.4 Measuring the distance from a defined start pdimthe mouse location
Thefollowing measurement information is shown in the status text:

1 In the first line the DSTANCEbetween the two pointds displayedas well as the delay that is
computed based on the speed of sound (see also secliditandO0).

1 The line labeledPoLARshows the vertical and horizontal angle for the differential vector
pointing at the end point.

1 TheDsPLACEMENIS the spatial offset between the two points in the X, Y and Z directions.

1 SrtARTPoINTand TARGETPOINT correspond to the absolute locations of the first point set and
the current location of the mouse.

6.3.2 Entry of Coordinates by Mouse or Control Bar

Generally 3D coordinates can be defined either by clicking with the mouse in theie3D or by
entering information irthe control barthat is locatedat the bottom of the window(seeFigure6.4).
Sometimes these functions are also used in combination.

For an empty project, the situation will look similarRigure6.5:

1. The cross at the mouse cursor indicates 83position This is, e.gwhere thenextpoint will
be set when leftclicking.The cross symbol will also be calladert cros®r positioning cross
in the following.

2. The status text shows the current 3D coordinates derived from the mouse location.

3. The control bar allows to enter 3D coordinates manually.

When using the mouse and there are no further objects in the project the 3D coordinates are
determined using the Z = 0 plane. That means that it is assumed that the mouse is used to choose the
X and Y coordinates whereas Z is always zero.

The control bar at the bottorof the windowcan be used without further assumptions, i.e., all three
coordinates X, Y and Z can be entered freely.
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|

3D View X | Acoustic Parameters

2 i

Start Point: 6.25 | 5.8 | 8.00 [m]

Absolute ¥ X[m]: 000 Yml: 000 Z[m}: 000 3

Figure6.5 Positioning crosand mouse cursdfl), status text showing coordinates (@hd control bar (3).

The Tab key can be used to move the focus from the 3D view to the control bar. When the focus is on
the control bar, moving the mouse over the 3D view will remove the focus from the control bar.

Whether the focus is on the 3D view or on the control bar is indicated bs=llsgmbol on the right.
Only if this symbol is highlighted, the control bar is active and can be used to confirm coordinates by
pressingReturn(Figure6.6, Figure6.7).

Absolute v X [m]: 0.00 Y [m]: 0.00 Z [m]: 0.00 ‘J

Figure6.6 Focus is onantrol bar. Itis active forconfirmingkeyboard input.

Absolute v X [m]: 0.00 Y [m]: 0.00 Z [m]: 0.00

Figure6.7 Focus is not onoaitrol bar. Itis inactive forconfirmingkeyboard input.

When the control bar has focus pressing Tab will cycle through all fields of the control/barckfange
the data in one of the fields, pressing Tab will update the preview and also the location of the
positioning cross in the 3D view.

When the control bar does not have focus one can also start typing numerical values. This will also
move the focus to the control bar and put it on the first text field that is enabled. When done typing,
pressing Tab will move the focus to the next fiehdl apdate the preview.

Coordinates can be confirmegither by left mouseclick when the mouse is active over the 3D view or
by pressindreturnwhen the control bar is active and coordinates from the coordinate fields are to be
used.Confirming a coordinate will return the focus to tidext field automatically.

At any time, coordinates can lbnsferredfrom the mouse location to the control bar by pressing the
S shortcut. This will also activate the control bar, i.e., move the focus to the control bar.
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6.3.3 Snapping by Mouse - Inferring from Point Objects and Surface Objects

If room elementsexist already 3D coordinates can bimferred by snapping to a roonglement,
hovering over it oreferringto it in some othemvay. This is usuallgccomplishedy either leftclicking
on the object oflocationof interest, or by pressinga specific shoreut.

The followingdistinguishedooints can be directly snapped to:

T
1

=

The origin at (0, 0, 0).

The corner points of faces and audience areas. (This includes the temporary points of a
previewed face or audience area while creating it.)

The midpoints of the edges of faces or audience areas.

The insert points of listener seats and loudspeakers.

In some modes (Face in Face, Move Vertex, Move Point) the edges of the surface object can
be snapped to, as well.

The anchor point in those editing modes where id&fined such asn Move, Duplicate,
Extrude, or Rotate.

When snapping to a point, thenaplocation is indicated by a filled pink circi&napping to points can
be suspended temporarilpy keeping F3 pressed.

)K% -
£

Figure6.8 Snapping to the origifieft) and tothe corner pointof a face(right).

Coordinates can also be inferred by snapping to drawings or hovering over them. When the mouse is
over a drawing, the plane of the drawing will be used to determine the 3D coordinates associated with
the mouse location.

Also, points can be inferred from the planes of faces and audience areas by hovering over them. By
default, this function is active only for some modes, dlge,MEASURINOde. Formostother modes it

has to be switched on first by pressing F2 once. Pressing F2 again will disatypetlissnapping

again. The setting is remembered until thememode is started again or a new mode is started.

- ¥
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Figure6.9 Hovering oven drawing (left)or aface (right) to deterrime 3D coordinatems the plane of the object

There are two important applications of snapping to faces. First of all, a point can be placed on a face.
This can be helpful when drawing a face that is adjacent and perpendicular to another face, for
example. In this way the new face can be attachedatliyeto the existing face. A second important

use case is the determination of intersection points of lines with faces. This will be discussed a little bit
further below.

6.3.4 Inferring Coordinates Using Constraints

In the context of EASE 5, a constraint represents a restriction or limit that in some way reduces the
availabledegrees of freedonfior determining 3D coordinatefsom the full 3D spact a planea ling
or just a point

Canstraints are creategrimarilyin the following ways:

1. When creating or modifying a planar element, i.e., a face or an audienceVehesn inserting
a face or audience area and at least three poinds in line are given, a saalled plane
constraint is automatically activated for entering the following points. When inserting a face
into a face or modifying the points of a face or audience area the plane constraint is active
from the beginning.

2. Whendefining an axis constraint Isglecting a base poirindpressing the X, Y or Z shortcut
This will limit the space of possible 3D coordinates to athaéruns through the base point
If thereare no other constraintthe directionof the linewill be the direction of thex-, y- or z-
axis, respectively. If a plane constrainadgitionallyactive, the 3xoordinates will be derived
by projecting the line of theonstrainedaxisonto the given plane, i.e., by calculating the points
in the plane.

3. When activating the Pplane constraint by pressing Shift-Hais will limit the space of possible
3D coordinates to the Z plane of the last point specified. If a plane constraint is already active,
activating thez-planeconstraint will usually result in a line that represents the intersection of
the two planes.

When a plane constraint or an axis constraint is active, the snafghgviordescribed before is
modified as follows:

9 If a point is snapped or a drawing is hovered, the coordinates are projected onto the plane of
the plane constraint or the line representing the axis constréigure6.10).

9 Ifaface or audience area is hoverelile an axis constraint is actiythe resulting intersection
point is calculated and displayedf there is one This assumes that the function for snapping
to faces is active (see above).

Note that the axis and planeonstraintsalso apply when the control bar is used to enter coordinates.
These coordinates are projected onto the currently active line or plane, as well.

A constraint can be deactivated by pressing the same shortcut again or by pressiogvéler, in
those cases wheraplane constraintsactive due to the nature of the function, such as when inserting
or modifying the vertices of a face, the constraint cannot be switched off.
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‘ 9.09 | -20.00 | 20.60 (m, ‘ 0.00 | -20.00 | 20.05

Length: 15.83 m

Figureejlo The tip of the back wall is inferred by using-eonstraint and projectingrom the tip of the front face (left) or
from the drawing (right).

6.3.5 Inferring Coordinates Using a Reference Point, Relative Coordinates

When using the control bar, coordinates can be entered in two different ways, namely in absolute
mode @ABOLUTE and in relative modeRELATIVE). When working with absolute coordinates all
coordinate entries happen in the room coordinate system, i.e., relative to the origin. In relative mode,
all entries refer to the current reference point.

Absolute ¥ X [m]: 11.45 Y [m]: -9.99 Z [m]: 0.00 ¢J

Figure6.11 Control bar in absolute coordinates mode.

Relative < AX [m]: 0.00 AY [m]: 0.00 AZ [m]: 0.00 ‘J

Figure6.12 Controlbar in relative coordinates mode.

In the 3Dview, the reference point is indicated bysenall axis cros@-igure6.13) when relative mode

is on. When using the mousky pressing Rhe reference point can be set manually on any location

or snapped point. It is automatically set to the respective base point when an axis constraint is
activated using the X, Y or Z shortcuts. In both cases, the focus is moved to the control bar and the
mode is switched to relative mode. Also, only the field of the free coordinate can still be modified
whereas the other two fields in the control bar are disabled.

When using the control bar, the reference point can also be set to the current coordinates by pressing
R.
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Figure6.13 Reference poirdnd mouse locatiomdicated bysmall axis cross

The reference point is set automatically when starting some modes, for example, when moving or
duplicating an object. For loudspeakers and listener seats the initial reference point has the same
coordinates as the location of the object that is going torisnipulated. For faces and audience areas
the initial reference point has the same coordinates as the anchor point that is selected when the
operation is startedWhen inserting faces or audience areas, the reference point is set automatically
to the location of the most recently defined vertex or point.

W

-2.49 | 3.78 | e.e@ [m)
Length: 5.80 m

Relative b AX [m]: 5.00 AY [m]: 0.00 AZ [m]: 0.00 _J

Figure6.14 Coordinate entry relative to reference poiri this case by using théconstraint and a distance of 5 from the
reference point.

Using the relative mode, it is very easydefine 3D coordinates as an offset relative to an already
known point. Just snap to the point, press the shortcut for the axis constraint, type the distance and
pressReturn(Figure6.14).

Notice that he reference point is not visible in absolute mode.

6.3.6 Inferring Coordinates from an Intersection

Snapping to faces is particularly useful when intersection points need to be computed. For example, if
the X and Y coordinates of a point on a slanted roof are knownhalf coordinate is nothis value
can be determinedisingthe intersection function. The functiornorksas follows:
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1.

First enable snapping to faces so that faces are highlighted when the mouse is hovering over

them (F2). Find the right starting point in theYXplane andactivate the axis constrairity
pressing Z. Now the coordinate entry is restricted to the vertical and relative to the base point.
Use the mouse to hover over a face that is located along this axis. Its intersection point with

the vertical line will be shown and it can be selected by a left mouse click. If a face is hovered

that does not have an intersection point but whose plane tias corresponding point on the
plane is highlighte@Figure6.15).

The intersection function is particularly useful to draw columns and otfadume objectsthat are
attached to arbitrary surfaces

Figure6.15 Calculating intersection points with the plane of a face: Inside (left) and outside (right) of the face. Select base

point and axis constraint (1), hover over face to determine intersection point with plane (2).

6.3.7

Function Overview

The following is a complete list of functions available to determine or infer a point in 3D space:

w

Use the mouse to snap to a point, to the origim to the midpoint of an edge. Deactivate
snappingemporarily by pressing F3.

Use the mouse to select (snap to) a listener seat or a loudspeaker.

Hover over (snap to) faces, audience areas, drawiogshe ground plane4 = 0). If not
switched on, activate by pressing F2.

Activate an axis constraint using the Y, or Ahortcuts. This will use the current mouse
location as the base point. It will also move the reference point to the base point.

Set a reference point for relative coordinate entry by pressing Ryoactivating & axis
constraint

Activate the horizontal plane constraint using the shortcut Shift+Z. This will fptahe to the
z-coordinate of the previously set point.

When an axis constrainbr a plane restriction is active, project from any of the points selected
in one of the first three ways.

Use the control bar to manually enter coordinates in relative or absolute mode.

Use theSshortcut to transfer the coordinates of the current mouse location to the control bar
and modify them.
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7 Defining the Geometry

In this chapter, an overview will be provided about the toolset that can be used to create the room
geometry in EASE 5. In principle, there are three different approaches that can also be combined or
mixed:

1 The geometry of the room can be entered manually using known coordinates and the drawing
functions of EASE.

9 Section drawings can be imported as bitmap files. These are used as the basis for drawing the
room geometry in EASE.

1 A 2D or 3D room drawincan beimported as a DWG file. ¢an besubsequentlyextended or
modifiedin EASE

It is common to althree approaches that after the geometry is definggtesections7.1, 7.2, and7.3),
the consistency of the model should be checked for problems, duplicates or missin{spatisn7.4).
After that, acoustic materials can be assigned to the surfésestion8.1) and important acoustic
guantities like the reverberation time can be compui@ection8.3).

Defining the sound system and the audience areas will be discgsspedatelyin the nextchapters.

7.1 Importing Graphics Files for Section Drawings

An introductioninto the basic propertie®f drawing bitmaps was given in sectibr2. We will expand
on that here and discuss more details of managing and using drawing bitmaps.

After loading a graphics file using thReE > DRAWING> LoADMenu command, the bitmap shown

in the 3D view. The drawing is selected automaticallythe currently active item of the project
Accordingly, the context ribbon menBELECTED DRAWINGS shown. Through this menu, functions
relating to the currently selected drawing can be accessed.

TREHE 98/

Floor Front Section Rotate Anchor Scale Drawings
Point Table
Type of Drawing Edit

Figure7.1 Context ribbon menu fdhe selected drawing.

Whena drawing iselected, the anchor point dhe drawing is indicated by an orange square and the
scale line is indicated by an orange line.
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4

3D View X | Acoustic Parameters

N

Figure7.2 Selected drawing witdefaultanchor point and scale line.

After the import of the file, first select whether the drawing is a floor plan (or ceiling plan) tieng
TYPE OF DRAWING> FLOOPRoption, a front or end view using tHeRONDutton, or a side view using the
SEcTIONbutton. This will turn the drawing into the corresponding plane.

If the orientation of the drawing relative tthe coordinate axes needs the adjusted, theROTATE
command can be used to rotate the drawing in place.

As the next stepset theanchor pointby starting theANCHORPOINT mode from the ribbon menuand
left-clicking on adistinguishedpoint of the drawing(Figure7.3). ThePOSITIONX, Y, Z fields in the
properties window can then be used tiefine the position of this point othe drawingin the 3D
coordinate system of the room or ven(€igure7.4).

3D View X | Acoustic Parameters v 3D View X | Acoustic Parameters v

l 7.11 | se.3e | e.0e [m]

Figure 7.3 Anchor pointplaced at front center point of #igure7.4 Coordinates of anchor point set to origin (0, O,
assumed stage.

Finally the drawing has to be scaldekcause bitmap files typically do not carry any information about
the physical size of the objects they are depicting. ActivateSdre Emode from the ribbon menu and
place the scale line on a line of the drawing that has a known lengitace its endsn two points for
which you know the distanceThe scale line does not need to be parallel to either axkiss
recommended to define as long a scale line as possible to minimize scaling errors.
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30 View X | Acoustic Parameters v

l

3D View X | Acoustic Parameters

3 | ID
Figure7.5 Scale line placed on dimension line. Figure7.6 Redzed drawing afterentering length for scale
line.

After that, enter the reaiworld length of theine section in theSCALE> LENGTHield. The drawing will
then be enlarged or downsized accordindiae aspect ratio of the bitmap cannot be modified.

The described procedure can be repeated for multiple drawings. A typical arrangementigvall
directionsare available is shown iRigure7.7. Notice that the front and the section drawing are
displaced relative to the origin so that they do not interfere when drawing the room.

3D View X | Acoustic Parameters v

N

Figure?7.7 Three section drawings loaded.

Once the drawings are in the right spot, faces can be inserted manually by refergoimte and lines
on the drawingsnd projecting fronthem (see also secti®®6.3.3and6.3.4).

For convenience, theABELproperty can be used to assign a uskefined name to a section drawing.
Use the< and <= buttonsor the shortcut Ctrl+Ho hide and unhide theurrently selectedirawing.

The DRAWINGSTABLE provides an overview over all drawings in the project and allows selecting
drawings that are not visible in the 3D vidior more details about tables in generagesalso the
overview in sectiorl1.8. TheTOGGLEVISIBILITY command in thefooLgibbon menu allows hiding
and showing the currentlgelecteddrawings.
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Drawings Table v X
mn header here to group by that column Q
Vis. [ Label « | X[m] [Y [m] | Z[m] |Scale [m]
@ Elevation 20.00 0.00 0.00 30.00 -
@ End 0.00 20.00 20.00 30.00
» @@ Floor 0.00 0.00 -1.00 30.00
(3)

Figure7.8 Drawings table showing three differedtawing bitmaps

7.2 Importing DWG Drawing Files

EASE 5 supports the import of 3D CAD models in DWG file fddM&E is a native format of the
AutoDesk AutoCAD software. Other common CAD tools, such as TrimbleUpkBtchVectorworks
or Rhinoceros 3D by Robert McNeel & Associates, can save models in DWG file format as well.

Room models that are created with a CAD tool outside of EASE should alresuljeddor acoustic
simulations. The degree of detail should be reduced so that they fit the simulation purpose and the
EASE toolthat will be used. In fact, it is expected that the DWe&sed model considered here is
created primarily for use in EASE 5. Arbitrary Dvd&ed models used for general architectural
applications, on the other hand, are often not suitable for import and u€eASE.

EASE models can also be exported in DWG format. Please refer to 44c@idar more details.

7.2.1 Import Rule Set

In order to import CAD models into EASE 5 the corresponding DWG files must comply with an import
rule set. This rule set consistssaimerestrictions specifying how the model has to be drawn and which
elements it has to be composed of in order to be properly supported by the EASE import module.

In EASE 5, the following CAD model base elements are supported by the import function:

€

3D Polylines

3D Faces
Polyface Meshes
SubD Meshes
2D Polylines

LW Polylines
Arcs

Circles

Ellipses

eEeegeeeee

€

All of thesetypes of elements are converted to EASE fa8éther elements are ignored.

Block references can be used within the DWG file. Upon import, blocks are resolved into the single
base elements.

Many CAD applications allow to hidertain elements Such hidden elements are imported and
displayed as long as they fulfil the import conditions.
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The followingspecificconditionsapply to theimport:

1 A surface element must not be an intersecting surface, that is, the border of the polygon must
not intersect itself.

1 3D Polylines and 3D Faces have to be planar.

Polylines that are not closed are closed automatically.

1 Arcs, Circles and Ellipses arenverted into faces with straight edgesusing an angular
resolution ofapproximately 15°.

1 Polyface Meshesnd SubD Meshesan also be imported into EASE 5. This is particularly
important for importing DWG files that were created with Sketchmeshshould be planar
to be imported, i.e., all points of onmeshmust be in one plane. Normally, upon import all
partial faces of oneneshare combined to one face with one outline in EASE. In the special
case that faces of the mesh share only one common point (not a common edge) the import
splits the mesh into two or more faces. lfreeshis not plana, triangles that are outside of the
main plane are imported as separate faces.

9 Itis assumed that a mesh consisnhly of triangular and quadrangular faces. Faces with five
points or more will not be imported.

1 Holes oimeshesare correctly processed to holes in EASE faces. Block references are resolved
as described above. Edges of a mesh can be marked as visible or invigiblBWG fileThis
property has no influence on the import.

=

Various units of length are supportddrawings loaded in one of these unit systeans converted and
displayed in the currently selected EASE unit system. These units are:

w Metric unit system:millimeters [mm], centimeters [cm], meters [m], decimeters [dm],
hectometerslhm], kilometers[km].
w US customary system: inches [in], feet [ft], yards [yd], miles [mi].

If the length unit is not defined properly, EASE 5 will make a plausible assumption and inform you
about it.

Note that EASE will convert the imported drawing to the internal unit system which is metric. The
project will be displayed in the unit system selected in tpdons area (see sectidd2).

EASE 5 also supports importing layers or tags. These are typically used to organize and manage the
project. All layers provided by the DWG file are converted to selectionsaséctiori1.6). The room

items assigned to a layer will be assigned to the respective selection set, accordingly. This allows you
to perform numerous changes to the model after the impsuth as

9 Assigingacoustic materials to faces on specifiateriallayers

1 Addngaudience areas to the faces ofespectivelayer,

1 Creatngback side faces for the faces of a laysed for parapets or ceiling clouds
1 Deleingitems from layers that are not needed

If you need to deal with different custom groups of faces in EASE 5, assigning them to layers in the
respective CAD software before importing can be the quickest way to establish this structure.
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3D View X ¥ | Selection Sets MR
Carpet on concrete - Floor @2y - ‘

Glass - Windows (105) "

‘ Gypsum board - Walls (83 ¥ ‘

‘ Metal - loists N & (s ¥ ‘

Painting - Paintings 4 v ‘

Wood - Seating (242) - ‘

Figure7.9 Layers or tags are imported as selection sets. In this manner, for example, faces on different layers can be assigned
different acoustic materials in EASE.

Note for EASE 4 users: Importing other room items like audience areas, listener seats or loudspeakers is not
supported by EASE 5. The import of additional face properties such as the acoustic material or color is also not
supported. Except for the coloi af these aspects can be easily added to the model in EASE 5 itself.

7.2.2 Importing DWG Files

To load a DWG file, click on tReE > PROJECT> CPENbutton and select the DWG fil&lote that
importing a DWG file in this way automatically sets up a new project with default settings.
Alternatively, use thé-ILE > PROJECT> ADDbutton to insert the contents of a DWG file into the
current project.

For large DWG files a progress bar is shown. The software will automatically abort the import process
if it takes longer than 60 seconds. In this case, it is recommended to reduce the complexity of the
model in the file.

If the file contains elements that cannot be imported or if the unit system is not supported an import
log will be shown that lists the issues that occurred during import.

If you have imported the drawingf a complete room, it is highly recommended to verify the geometry
after the import Please sesection7.4for details. If some faces have not been imported or they are
missing for other reasons you will have to either draw them in EASE or modify the original DWG file
and importit again.Faces that have the wrong orientation can be inverted in EASE.

The DWG file may also contain faces that are located where the audience areas in the EASE room
model should be. For these faces, use InNSERTAREA ABOVEFACE function introduced in section
10.1.2and delete the faces afterwards.

7.2.3 Exporting from Trimble Sketch  Up Pro

When exporting DWG files from SketfhPro afew steps need to be taken in order to ensure that the
import in EASE 5 works smoothly:

1. Itis recommended to run the Solid Inspector plodirst and resolve any issues.

2. To save a DWG file, sel&tPOoRT> 3D MoDELfrom the File menu.

3. Open theDWG/DXHFEXPORT OPTION®indow by clicking on th€pTioNsbutton in the SAVE
DALOGwindow.

4. For theAUT@ADVERSIONselect theAUTACAD2018 setting.
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5. Make sure the optiolEXPORT> FACESS selected. The other options can be ignored.

Notice that as of Sketthp 2026exported files imPAutoCAD 2010, 2018y 2018 format make use of
SubD Meshes instead of Polyface Mesh@gorting SubD Meshess supported only by EASE 5.78 or
higher versios.

DWG/DXF Export options X

AvutoCaD version
AutoCaD 2018 w

Ewport

Faces

[JEdges

[] Constuction geametmy
[] Dimensions

[JText
[] b aterialz

Cancel

Figure7.10 Recommended settings when exporting a DWG file from Sietelo

7.2.4 Exporting from AutoDesk Revit

Typical models exported from Revit may not be fully compatible with EASE and therefore need to be
modified before export or after import. If, in the Revit model, walls are represented using volume
objects, i.e., boxes, these have to be replaced by singfaces in EASE for the statistical calculations

to be correct. For the statistical calculations according to EA8adgjnethere can be only a single
volume which must be the volume of the room. The faces of the room model determine its boundaries.

However, AURA and raytracing calculations are concerned only with the surfaces themseldes and
not haveto makeanyassumptions about the room volumBlonethelesscare has to be taken when
setting up AURA calculations as the suggested default parameter values for the number of particles
etc. are based on statistical assumptions.

For a clean model, it is therefore recommended to export from Revit only the inside surfaces of a room.
One way to facilitate this is to assign the inside elements (wall finish faces) of a room-tabeso
space in Revit.

7.3 Entering and Modifying Surfaces

In this section we will outline how faces can be created in order to build the room model. It will be also
detailed how faces can be modified in order to adapt or extend the room madteke functions are
accessed mainly through tf®RFACEBbbon menu.

) + +
N | o e yas,
L A D
Selection Polygon  Polygon  Add Back Edit Join Subtract Face Invert Invert All
v in Face - Side Vertices aces aces Face Faces

Insert Modify Extrude Orientation

Figure7.11 The Surfaces ribbon menu providesess to functions for adding and modifying faces.

69



EASE FhirdEditiong! & SN & DdzA RS Defining the Geometry

Please refer to chaptetl for more general tools thaallow, e.g., moving a face as a whole or
duplicating it.

For more details on the following contents please also seéutwgial videos by AFMG

7.3.1 Inserting a Face

In EASE 5 the main function for creating new faces IS#ReACES> | NSERT> PoLYGotool. Click on
the menu button to activate the mode. After thatou can draw a new face vertex by vertex. The
location of each point can be defined using the various means detailed in séc3ion

If there are nABDDWG files available, it is practical for most projects to start by drawing the floor faces
of the room. If you haveraimageof the floor plan loaded you may just trace the lines by-é#tking
and inserting vertices at the respective points of the drawing.

Creating a Floor Face

As an example, the following sequence has been applied to insert the rectafigateiace shown in
Figure7.12.

1. Leftclick on the drawing to insert the first poiAt

2. Move the mouse togap to the first pointAand press X to activate theaxis constraint. Now
move the mouse to the upper right to the location of the second pBiaind leftclick to insert
the pointat the right distance

3. Move the mouse torsap to the second poinB and press Y to activate theaxis constraint
Now move the mouse to the lower right to thecation of thethird point Cand Eft-click to
insert the pointat the right distance

4. Move the mouse to snao the third pointCand press X again to activate thexis constraint.
Now move the mouse to snap to the first pokand leftclick to insert the poinDat the same
x-coordinateas the first pointA.

5. Pres<Cto close the polygon.

If you have activated the wrong axis constraint or used the wrong position for g poéss U to undo
the last step.

=

Figure7.12 Simple insert sequender a polygon (see text).

Creating a Slanted Floor Face

As a second example we will enter the slanted floor face as well

1. Move the mouse to snap to thereviously insertegoint D. Leftclick to insert a point at the
same location.

2. Move the mouse to shap to thgreviously insertegoint C. Leftclick to insert a point at the
same location.
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3. Move the mouse to the back of the room, find the corner pdintith the mouseand press Z
to activate the zaxis constraint. Now move the mouse up and hover oveistationdrawing
at the right height to project onto the vertical line. Lefick to insert the third poinEat the
selected height.

4. Press Shift+Z to activate thglane constraint based on the previously inserted p&Hn¥iove
the mouse to the lower left until you reach the other back corRedover over the floor plan
to select the right distance. Leétick to insert the fourth poinE.

5. PressCto close the polygon.

Al

3D View X | Acoustic Parameters

4

| 30 View X | Acoustic Parameters

J
3.84 | -15.70 | @.60 (m] N F/ / 15.81 | -19.98 | 4.99 [m]
N /
a6 m Length: 21.13 m |

| 30View % | Acoustic Parameters T | 3DView X | Acoustic Parameters

Length: 38.82 m

Figure7.13 Insert sequence for slanted floor face (see text).

Note that when the #plane constraint was activatethe movement of the insert cross was restricted
to a line. That is because after the third point was defiraso the automatic plane constraint is active
that enforcesall subsequently defined points bein the sameplane. The combination of these two
plane constraints is a line.

Creating a Side Wall

Whenever an axis constraiig activated one canalsotype the correspondinglistance in the control
bar instead of selecting it with the mous&/e will do that now in the last example where the side wall

is drawn.
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1. Move the mouse to snap to the previously inserted point B.-tkdk to insert a point at the
same location.

2. Move the mouse to shap to the previously inserted point C.-tlafk to insert a point at the
same location.

3. Move the mouse to snap to the second point C and press Z to activateakis zonstraint.
Now enter(type) the heightof 16.67 min the control barand pressReturnto confirm. This
will insert point G.

4. Move the mouse to snap to the third point G and press Y to activate-thésyconstraint. Now
move the mouse to snap to the first point B and delfitk to insert the point H at the same y
coordinate as the first point Bnd at the same height as point G

5. Press C to close the polygon

v H < | v
v ] | ™ — G
B B, '
T~ C ~__ ~C
~< ’ A
< . < S
. .
~ ~

le.ee - tnl \‘\ /// [ I = [ .

I I azim)| 8 1] I I 0

‘ 573 | 1157 | o.ee (n] \‘-
Drawing

Figure7.14 Insert sequence for side wall (see text).

Creating an Arc

As part ofdrawinga new polygon, one or severairculararcs can be created. While inserting new
points, press A to start the arc submode.

In EASE 5, three pointenstitutean arc:

1. The starting point of the arc. It is automatically set to thst point defined Drawing an arc
therefore requires at least one point to be defined already before the submode can be
activated.
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2. The end point of the ar¢Figure?7.15). This is the first locatiothat has to bechosen after
activating the arc submode. It can be at any 3D coordmate

3. As alast step apoint must be chosen that isn the ar¢ alsoin 3D coordinategFigure7.16).
Its positiondetermines the opening angle and the radius of the arc.

While drawing, a preview of the arc is shown. After the end pwad setone can shap to the midpoint
of the connectng line fromthe starting point tothe end point. This can be helpful if the height of the
arc is known.

The number of segments for the arc is determined automatically. The approximate angular resolution
is 15° unless there are f@avsegments thareightwhich is the minimum.

The points that have to be set for the arc follow the same rules that apply to defining points for a
polygon. After a total of three points have been defined, the plane of the polygon is fixed and
subsequent points areonstrained tathat plane.

™, ™
A ‘\\

end point sef

e7.15 Setting the end point of the arc after activatir Figure7.16 Setting the pointhat ison the arc after the enc

Figur

the submode. point of the arcwas defined.
PSS, ‘.\\
A o .
.,.-I—l“.'{ \‘\\\
L
| .
E AN Congth: sonm :
Figure7.17 Selected face after closing the polygon. Figure7.18 Creating a polygon with several arcs.

Verifying Coordinates

There are various wayd making sure that the coordinates that were entered are correct. One way to
do so is to use the different view directiomsparallel perspective. For example, UBRESENTATION
PERSPECTIVE> PARALLELand PRESENTATION> VIEW DIRECTIONS > SIDE (Z) to checkthe model
against the floor plan. Another possibility is to select each newly created face and inspect the
coordinatesin the properties window
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30 View X | Acoustc Parametors <1 x|[30View x| Ao

‘J:a&l Saa | 6.8 a]

Figure7.19 Top view in parallel perspective. Figure7.20 Properties of side wall face.

Messages and Suggestions while Drawing

While drawing, certain conditions may prevent from actions or steps that are allowed otherwise. In
that case the software will notify you either by a note in the status text or by an error meskaga
temporarily in the lower right area of the 3D view

& Point could not be added X

Please avoid crossing lines or clicking

-8.48 | -7.24 | e.00 [m] on previous points.

Length: 63.91 m

Figure7.21 Error message about crossing lines.
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Please rotate the model to improve the visibility of the insert plane and determine insert points.

Figure7.22 Suggestiornin status texiat the bottom of the 3D view

7.3.2 Inserting a Circular Face

Circular faces can bentered using theSURFACES> | NSERT> QRCLE tool. Click on thedropdown
menu button to activate the mode.

E File Surfaces
I,-_\’
k| s ‘

Selection Polygon | Polygon Ad
M in Face ~ :

i Insert

-

~

Polygon

Properties - }

Name: |N

-~

12 A

g
e
Circle %

Author:

Notes:

Figure7.23 Dropdown menu allowing insertion of arbitrary faces and circular faces.
After that, the circle is defined using two distinct steps:

1. Determining the location of the center point by selecting a 3D coordinateg mouse or
control bar.

2. Determining the circumference of the circle by selectingoat that ison the circlein 3D
coordinatesor by entering the radius of the circ{Eigure7.24).

Both coordinates can be defined using the various means detailed in séc3idwotice, however, that
initially the circular face must be horizontal, i.e.;ganar to the Zlane. Use thdooLs> ROTATHOOI
afterwardsto turn the circleinto another planeif needed.

Note that the number of segments is set to 24 automatically. This corresponds to an angular resolution
of 15°.
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3DView X | Acoustic Parameters ¥ 3D View X | Acoustic Parameters hd

Center Point:  15.87 | -16.97 | @.00 [n] X
Radius: 15.91 m ¥
Radia! Radius [m] 001 |%

Figure7.24 Inserting a circular face: Preview while defini Figure 7.25 Inserting a circular face: Selected face af
a point on the circumference. insertion.

7.3.3 Inserting a Face in a Face

After the primary geometry of the room model has been defined, additional faces can be inserted in
existing faces in order to model secondary parts of the room. Such parts could be windows or doors in
side walls, absorber panels on side walls, or carpetthe floor.

This insert function can also be used to cut holes into faces by first inserting the new face and then
deletingthe face itselfIn that case, if created simultaneously with the new face, the hole will remain
This hole can then be used, for example, as a starting point for drawing pillars that extend from the
floor to the ceiling. A hole in a face can be removed by deleting it in the properties window of the face
(section5.3).

For EASE 4 users it is important to understand that the holes concept is different from coated faces. In EASE 4,
faces are coated on top of other faces in order to model secondary elements and replace the acoustic material of
a part of the considered suda area. Using that approach the underlying face remains unchanged. In EASE 5,
however, there are no coated faces anymore. Instead, faces can have holes that can be filled with faces in turn.
These inserted faces can have different acoustic materials.sAcally speaking both concepts are equivalent.

When importing EASE 4 projects, all coated faces are automatically converted to holes witaditing

In the following we will distinguish between the-salledbase faceand theinsert face Thebase face
is the face in which the new face is inserted. isert faces the new face that is created as a-cuwit.

In order to start drawing, the base face must be selected first. After that, activatedheGoNM FACE
mode from theSURFACES> | NSERTibbon menu.If you wish to insert a circular face, activate the
QRCLE IN FACEmMode from theSURFACES> | NSERTibbon menu.
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E File Surfaces
X L
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- in Face ~
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Properties - Face
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in Face

Figure7.26 Insertinga circle in a face.

For drawing an insert face the same toolset is available as for creating a regular face as described in
sectiors 7.3.1and 7.3.2 However, a few exceptions apply:

1 The insert face must be in the same plane as the base face. That is why from the beginning a
planeconstraintis active that enforces that all new points are placed in the plane of the base
face.

1 One can snap to the edges of the base facedhe edges obther holes inside the base face
in order to create a vertex

Note that EASE&lowsextending the insert face beyond the boundaries of the base face. In that case,
only the part inside of the boundaries will be cut from the base face. If you want to make sure you are
not exceeding the boundaries of the base face, use the snapping fuadtiglace points on the edges

of the base face.

If an insert face is not needed anymore, there are two ways to remove it. One can delete the face itself
as well as the corresponding hole from the base face (sebti®nAlternatively, the two faces can be
combined again using thioIN FACEscommand from theSURFACEBbbon menu (sectior?.3.9).

In general, EASE 5 supports and enforces planar faces. But room models can be imported also from
DW(Gfilesor EASE 4 projectithesecases, the selected base face might not bgactlyplanar. If so,

an insert face created with this mode is created on the mean (average) plane of the base face. As a
consequence, the insert face will be planar. Notice that althougtotiter border of the base face is
maintained, the original, noplanar 3D shape of the internal surface area of the base face is adapted
so that its surface connects tightly to the outline of thlanarinsert face.

3D View X £ 3D View X £
P
‘ e TR
- e S
>
p
w
- ——
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~ —
- —
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v —
. - a L
- N —
11 _oa
’/

12.53 | -28.08 | 5.80 [m]
Length: 2.18 m [x]

Figure7.27 Drawing an absorber panel on the back wall. Left: first two points set. Right: Insert face completed.

77



EASE FhirdEditiong! & SN & DdzA RS Defining the Geometry

7.3.4 Creating a Two -Fold Configuration

Faces are normally used to model thigter boundaries of the acoustic volumsuch as the side walls

Very thin surface elements thatre inside the room anbBasically have two acoustically active sides,
such aparapets, reflectors, or dividing waltsan be modeled, as welh EASE 5 these are represented

by two faces that are positioned very close to each other and that point away from each other. Each
face can have its own acoustic material assigned, thus allowing to model the front side and the back
side independently.

| a3 rase | 1es

F‘iéure7.28 Inserting a reflector by drawing the first face and adding a back side to it.

In order to create a twdold configuration first inserta face in the room that has the right place and
location. After that there are two ways to proceed

1. Assuming thaho faces are selectedctivate theSURFACES> ADD BACK SIDE mouse mode
Thenclick on the facénserted previouslyThis will create the counter face and assign the same
acoustic material to itThe mode will remain active until Esc is pressed or another mode is
selected so that multiple back sides can be added if necessary.

2. Slectthe face inserted previousiyi henclick on theSURFACES ADD BACKSIDE menu button.

This will immediately create the counter fagad assign the same acoustic material ta his
function can be applied also to multiple selected faces at the same fithe.number of
affected faces is displayed as a small number symbol on the ribbon bétien.creation, the
new counter faces are selected automatically.

If the GEOMETRANALYSIS> STACKEDFACESresentation mode is enabled, the two faces will be colored
light green.

7.3.5 Moving the Vertices of a Face and Adding New Vertices to a Face

A facecan be modified with respect to its shape by moving its vertidéso, vertices can be added to
the border of a face in order to subsequently move them or to snap to them when placing other room
elements.For that, the face has to be selected first. After that, H®T VERTICESmode can be
activated by clicking on the corresponding button in WRFACES> MODIFYmenu.

In order to add a new vertex, lefflick at the desired location on an edge of the face. A filled pink circle
with a plus symbol indicates the position of the vertex to be inserted. It will automatically snap to the
closest edge nearby.

In order to move the vertex of a face, the vertex has to be selected by-elilt\When moving the
mouse close to any vertex of the selected face, a filled pink circle with a symbol that shows arrows in

78



EASE FhirdEditiong! & SN & DdzA RS Defining the Geometry

all directions will highlight the snapped vertex. Note that when snapping to a vertex that cannot be
used in this mode, a symbwith a red crosss shown.

After selecting itthe vertex can be placed at a new position either by mouse or by control bar. For this
step all of the functions can be used that are generally available for defining 3D coordasates
described in sectiof.3. The following exceptions apply:

1 The selected vertex can be moved only in the plane of the selected face. A plane constraint is
automatically active when the mode is started.

1 The vertex cannot be moved to a position where the connecting lines to its two neighbor points
intersect with one of the other edges of the face.

1 Ifthe vertex is placed on another vertex of the face, these two vertices will be merged and the
area of the face will be reduced accordingly. In this way a face can even be cut in half. Similarly,
when placing the vertex on a neadjacent edge of the fageany vertices on the border
between the original vertex location and the new one will be removed from the face.

1 If the face is not plane, the vertex will be placed on the average plane of the face.

The location of vertices can be verified in the properties window of the face (séc8prv/ertices can
alsobe deleted in the properties window.

7
g

Figure7.29 Raisin.g the roof ridgd_eft: select vertex to be moved. Right: move Qertex vertically.

7.3.6 Extruding Faces

After the floor faces have been drawn itnstly quite easy to build the side walls. This can be done
using theSURFACES EXTRUDE> FACEfunction. Given a selected fafiease facg the extrude function
creates acounterface of the same shape opposite to thmseface and connects thewo facesby
guadrangulaside facesThe distance and angle of the extrusion can be chosen freely.

To extrude a facdirst select thebaseface.After starting the modean anchor pointfor the extrusion

has to be selectedt can be located on the base face or somewhere éls®lly the target3D position

must be determined, for example, by projecting or snapping with the mouse or by typing the height in
the control bar (sectior6.3). These 3D coordinates determine the position of the counter face in
reference to the selected anchor point of the base face.
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Figure7.30 Extruding the floor faceleft: selectw’face to/ be extruded and anchor point. Right: extrude t-c;' given Kheight by
projecting from drawing.

Note that as a default an axis constraint is aetithe base face is located in the-XYZ, or XZplane.
This will allow you to enter the distanéer the extrusionimmediately. If you do not wish to extrude
perpendicular to the base face, press U to deactivate the constraint.

If the base face is not located in one of the main planes, the current mouse location will be used. If the
mouse is over an empty area of the 3D view, the Z value of the target point will be assumed to be zero.
In this case the extruded body may look ditadl. It may even not be visible at all if the base face is in
the zplane, as well.

7.3.7 Inverting the Orientation of a Face

In EASE, faces have an acoustically active side and an inactive side &@&gtidrhile building the

room and drawing new faces, EASE 5 will try to detect in which direction a face should point but this
may not always result in the correct orientation. Also, imported rooms may have faces with the wrong
orientation.

The | NVERT FACE button from the SURFACES> CRIENTATIONribbon menu allows changing the
orientation of individual faces in the following ways:

1. If no face is selected when the button is clicked, it will activate a mouse mode. In this mouse
mode, clicking on a face will invert its orientation.eTinode remains actiated to allow
inverting several faces in a row.

2. If one or multiple faces are selected, clicking the button will flip all of the selected faces
immediately. The number of selected faces is displayed as a small number symbol on the
ribbon button.

In addition to that, he | NVERTALL FACESMmenu command in th&SURFACES> CRIENTATIONibbon
menu will flip all faces in the project at once.
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3D View X | Acoustic Parameters A 3DView X | Acoustic Parameters v
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Figure7.31Inverting a wrongly oriented face using the Invert Faée mouée mode. Left: beforeRighbtt after invert. Notice
that the thick border line has changed to a thin border iimtBcating that the face is noaiming correctly into the room

7.3.8 Assigning Face Colors

T_, J For visualization purposes, faces ¢avea colorin EASEThis colocan beassignedn
addition to the color thatcan beassigned to materialslready Because materials
Set Face represent shared acoustic properties, the face color batelpful when faces of the
Color . . . .
same acoustic material should have different colarsice vesa

Face colors can be displayed by eiraithe SURFACESTYLE > SOLID > FACE COLOR®r FACE COLORS
WITH QULLINGmode from thePRESENTATIORbDbON (section4.2.3. This type of rendering is also very
useful when assigning colaasdescribed in the following

The SET FACE CoLorbutton from the SURFACES> MoDIFYribbon menu allows changing trelor of
one or multiplefaces in the following ways:

1. If no face is selected when the button is clicked, it will activate a mouse mode. In this mouse
mode, clicking on a face widhange its color immediatelyrhe mode remains activated to
allow paintingseveral faces in a row.

2. If one or multiple faces are selected, clicking the button paliht all of the selected faces
immediately. The number of selected faces is displayed as a small number symbol on the
ribbon button.

Theactualcolorto be assigneéh one of these waysan beselected by clickingn the squard® color
button at the topright, next to the paint roller icorThis will open @ialogwindowthat allowschoosing
from anumber ofpredefinedcolors or defining a custontolor. The button itself shows the color that
is currently selected for painting faces.

The/* pipette button located below the color button allowsadingthe color of the currently selected
face. If no face is satted orif faces with different colorare selectedthe pipette button is disabled.
The pipette can be usdd the same wayvhen a prgect matenal is selected.

Note thatby default new faces do not have a color. Thtateis indicated by the sme " cross icon
that is used instead dd colorsquare Faces with this setting will benderedusingthe EASE default
color for faceswhich is currently a light blue.

The face color can bgewedalsoin the tables window{section7.5). It can be used for rendering also
in the ROOMMAPPING module by selecting=Ace CoLoRrom the DvEmenu (section14.1.7). Material
colors are discussed in secti8r2.
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7.3.9 Joining Faces

If there are faces that are adjacent to each other dhndt arelocatedin the same mne, it can be
useful to combine these facesid merge themTypical uses cases include a floor or side wall that was
drawn in several piecabat can be joined or cleaning up sets of triangles after importing architectural
drawings.In EASEhe SURFACES> MDDIFY > JOIN FACEScommand can be used for this purpose.

@ To join several faces into one, first select the faces in questions. Then preB3ithEACES
g button. This will determine the largest face in the selection and expand it by all other, smaller
Join faces. The assigned material and selection set as well as the orientation of the largest face
Faces  will be retained.

If some of the faces are not in the same plane or have a diffemermal direction, they will be
projected onto the plane of the largest face first and thieay will bejoined.

7.3.10 Subtracting Faces

Faces can also be cut out from other fadéhile thel NSERT> POLYGON INFACEcommand allows
drawing and cutting a single face from a given face MbBIFY > SUBTRACTFACESCOmmand allows
cutting one or severaéxistingfaces from any adjacent faces. This can be particularly useful, for
example, when a panel or windolmas beerduplicatedseveraltimes andeach newwindow facestill
hasto be cut outin the corresponding side wall

O To use this command, first select all faces that you wish to cut ouh gitess theSUBTRACT
J Facesbutton. EASE will automatically determine any faces that are located close by and

Subtract  removethoseparts from them that overlap with any of the selected faces.
Faces

7.4 Geometrical Consistency

After the 3D model of the roonhas been completed is recommended to verify the consistency of

the model.Especially when using statistical room acoustics or raytracing methods in EASE, calculations
may provide erroneous results if the room is not closed propditys is not as important when only

the coverage of the sound system is investigated.

The most important steps are as follows:

1. Check the room volume using tMeLUMHEIsplay in theAcousTICPARAMETERSINdow (Figure
7.32).
9 If the volume indicator is red, several faces are missing or have the wrong orientation.
1 If the volume is negative, most of the faces have the wrong orientation.
2. Check for holes in the surface of the room using PRESENTATION> GEOMETRYANALYSIS >
HoLE QUTLINES mode (Figure7.33). Missingpartsor inverted faces will be indicated with a red
border.

If faces are missing you will have to draw th@®e sectiorY.3about inserting faceslf faces have the
wrong orientation, theycan be inverted using thBURFACES CRIENTATION> | NVERTFACECOMmand.
See sectiong.3.7and5.3for more informationabout face orientation

Note that the calculation modules cannot be opened when the room volume is negative.
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3D View Acoustic Parameters X v 30 View X | 3c
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Figure 7.32 Room volumeand related indicators are red due to Figure7.33Hole outlines mode outlines missing

missing or inverted faces. inverted faces in red.

7.5 Faces Table

All faces that are defined in the project can be viewed in a tabular formcdtrespondingvindow
can be opened using tHBURFACES> FACESTABLEOr the WNDOWS> FACESTABLEmenu command.

The faces table shows the name of the material assigned to each face as well as the surface area of the
face.lt also showshe color of the face andhetherthe face is visible in 3D views or nttiems in the

table can be hovered, selected, sorted and filtered. For more details, please see the general tables
overview in sectiori1.8

Faces Table N * 0O X
Q
Vis. | Color Material Area [m’] ¥
@ M Ceiling - Roof 51938 [«
@ M Ceiling - Roof 519.18
<> Generic, Floor, Tiled, Linoleum, Asphalt, Vinyl 250.35
fod Generic, Concrete, Smooth Finish 146.03
@ Generic, Concrete, Smooth Finish 146.01
@ UnoccUphPewsArea 141.64
@ UnoccUphPewsArea 141.61
r &> Generic, Concrete, Smooth Finish 125.03
@ Generic, Concrete, Smooth Finish 81.63
@ Generic, Concrete, Smooth Finish 71.80 -
(210)

Figure7.34 Tabular view of all faces in the project.

8 Determining the Acoustic Properties of the Room

After the geometry of the room is defined, acoustic materials can be assigileel sorfaces t@nable

the calculation of roorracoustic quantitiesThe reverberation time can be computed using statistical
acoustics, and in particular, using the Eyregyation or the Sabinequation (for more advanced
calculations see sectidl? and following) If a measured reverberation timeasailable the materials
assigned to the room model can be adjusted so that the calculated reverberation time matches the
measured RTThis secalledcalibrationenablessubsequenmmaodifications of the roonto show results

that relatemore closelyto the measuredproperties of the room.
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In the following, first thegeneralmaterial database is introduced. After that, functions related to the
materials in the project are explained. Finally, the reverberation time and the adjustment of materials
to calibrate the modeled room to the measured room are discusgddof these functions are
necessaryonly when considering the acoustic properties of a room. Acoustic materials and
reverberation time are not relevant for studies related only to coverage.

8.1 Assigning Materials from the Database

Every face in the project refers to a material that determines its acoustic propddsestheMATERIALS
part of theSURFACEBbbon menu to select materials from the EASE database and assign them to faces.

N

Materials Material
in Use Editor

Materials

Figure8.1 Functions for accessing the material database and assigning mat@réaés/ailable in the Surfaces ribbon menu.

If you click directly in the search field, a drdpwn list with many materials will open. To get an initial
overview, close the collapsible area labeleM@ATABASEThen alfive subdivisions of the database
will be visible. They are defined as follows:

1 TheMrTERIALS IN UsEdatabase contains all materials that are currently assigned to faces in
the project.

1 The GENERIC MATERIALSdatabase contains a small number of designed datasets that each
represent a class of materidlhis database is reashly.

1 TheAFMGDATABASEONtains a large number of curated materials. It is based on published
datasets from various books, articles, and other sourtas database is also readly.

1 The NANUFACTURERVATERIALS database includes a number alatasets provided by
manufacturers of acoustic materials to be shipped with EASE. The manufacturer name is
automatically added as a search tagis database is also readily.

1 TheCQusTOMDATABASEaAn be equipped by the user. To add your own materials, a MAT file
needs to be created using the material editor (see chaffrand then saved in the folder
C\UsersPublia DocumentSAFMGEASECustom Materials. Upon start of the software, EASE
will load all materials in this folder and provide them for selection in this m&nwadditional,
userdefined folder can also be defined as described in se@&iariL

Note that the number of materials in each database is shown in parentheses on the right.
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Figure8.2 EASE material database. Left: full view. Right: collapsed subdivisions.

Hover over any of the material entries in the list to see more information about the dataset. It shows
the following items:

1 Name of the material at the top.

Curve of the absorption spectrum, average absorption coefficient in the upper right.
Curve of the scattering spectrum, if available.

SEARCHTAGShat can be used for searching the material in a database.
5SAONRLIIAZ2Y 2F GKS YFGSNAITf Q& LINPLISNIASaA
1 TheRerFereNckeld indicatngthe origin of the data.

=A =4 =4 =4

This display is very similar to the information shown in M&ERIALS IN USE window that was
introduced in sectiorb.4 and that will be further discussed in secti8re.

Figure8.3 Information window showing details about the hovered material (see text). Left: Standard material by AFMG. Right:
Standard material by AFMG with scattering information added.
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