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This document introducenew viewing and scoringupporttoolsin Noxturnal5.1to enhance
reporting capabilities aroundgnoring eventaddingfrequency bad information. In addition it
summarize content providedfor import by Noxturnalsoftware dSnoring_Noxturnal_5.1 v2mdke.
The current focus is on Polygraphy studies and does not take Sleep Scoring into §getunt
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1. Introduction

Nox Medical System providstate-of-the-art snoring analysighichresults in more sensitive and
accurate snoring detectiobased on the usef the build-in audio recordingK.S. Arnardottir et al.:
How to measure Snoring? A comparison of the microphone, cannula and piezoedaestic 3 Sleep

Res. (2015) Assummarized in thipublicationa ¢ KS ASyaAGAGAGE FyR LR2AAG

scoring snore events from the different sensors was compared to the chest audio: overhead audio
(0.78, 0.98), cannula (0.55, 0.67) and piezciele sensor (0.78, 0.92), respectively. The chest audio
was capable of detecting snore events with lower volume and higher fundamental frequency than

the other sensors. The 200 Hz sampling rate of the cannula and piezoelectric sensor was one of their
imid F G6A2ya F2NJ RSGSOGAYy3 ay2NB S@Syiaoé

Research ongoing for more than a decade has shbempportunity of correlatingnore
frequencies and its origin.

Erequency Specira Ore of the earlypublicationsin this areqS. Agrawal et al.:
Sound frequency analysis and thige of snoring in natural

| ! .
1 andinduced sleepClin. Otolaryng 27, 16266, 2002.)
M characterized soméndingsin the figureto the left.

i ‘ Tong

| Some nore recent publicatioa tryto cluster snoring sounds
Pu in frequency bands and publishad approach to a snoring

}
b Al

|# | map L-A. Lee et al.: Energy Types of Snoring Sounds in
;.r‘:‘[-‘.fl ! o " Patients with Obstructive Sleep Apnea Syndrome: A
T S PreliminaryObservation. PLOS ONE, Vol. 7, Issue 12, 534811,
December 2012.). This approashillustrated by the figure
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Increasing demand for individualized treatment and objective outcome control generated a lot of
interest to receive additional information about snoring, in particabout itsoccurrence in

different frequency bands, all based on the full audio signedmed in ambulatory studies with Nox
T3 and Nox Al systemEhatprompted new viewing, scoring and reporting tools to be offered.
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2. Overview: From recorded signals via Analysis and Scoring to
Enhanced Reporting about Snoring

2.1. Signal Acquisition

NoxT3 and Nox Al systems always record an envelope signal of the full audio which is the base for
adequate and sensitive snoring detection. The full audio signal (sampled and stored with 8 kHz)
however has to be recorded and saved in order to analyze frequiefiermation. This setting is
available at the level of Device Profiles for Nox T3 and Nox Al.

B Please configurgour Device ProfilsandusedRecording Typmebased on your own
requirements for signals and sensors but enahkefull audio acquisition.

2.2 Automatic Snore Event Detection

Noxturnal detects Snore evengxclusively basedn audio information, in particular on the dBc
weighted audio volume in Decibels (stored at 100 Hz). Single Snore events form so called Snore
Trains whichtand for periods vith multiple Single Boresmeetingcertain time onditions. Single
Shore analysisind definition for Snore Trairtsan be customized

B Single Snore and Snore Train analysis cgretfermedby the customizabléNoxturnal
detector. Automatically scored everghould be checked for consistendjhe audio playback
function can be used to further assess Snore events srcanstical manner

2.3 Manual Frequency Band Analysis

Noxturnalis able to derive andisplaybandpasssetting dependingudio channelsin addtion, these
channes can also been visualized with their relative Powerbands value. Manual scoring needs to take
place &pending on the amount of signal content in thdesguencybands.

B Use the providediews and eventto displaylow / medium and high quency band and to
scoreprepared event@according the Appendix AieWs and events can be customized
further but please note thathe definedevents are used in the suggested report.

2.4 Customized Reporting on Snoring and Snore Frequency Information
Reporting of Bore eventsin combination withits frequency information is generated bye
associatiortoolsin the Noxturnal reportingystem Single Snores will lmhecked foraccordance
with the different frequency bands. In addition, thecanbe repated either asrelated torespiratory
events or independentSeveral arbitrary decisions haleen taken to define threshosdor time
constraints The setup habeen discussed with different clinicians but mmt satisfy all users in a
similar manner. Rlase consult for details chapter 5 of this document.

B The current custom report has been defined in cooperation with clinicians interested in the
snoring analysis. Criteria can be changed but watddrequire adjustments in reported
variablesOnly a rediced number of possible snore event conditions has been seléoted
reporting The suggested report is part of the Appendix A.
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3. Noxturnal - Automatic Snoring Detection and Frequency Band View

Noxturnal records &ull audio signal with 8.000 Hz samjirAn envelope pressure signal of the

audio is derived and stored with 100 Hz, followed by a conversion with dBc weighting to receive an
audio envelop signal in dB. The automatic snore detection will be perfoomélis signaby either
afixed or relatve dB threshold. A period of multipfingle Snores will be scored as Snoraifh.
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As of todayNoxturnal cannot scorautomatically (yet}he individual snore events in the different
frequency bands but following frequency bands are deril®d~(R band pass filters) and displayed in
asignalgroup with similar scaling properties:

1 LFSB (Low Frequency Snoring Band): _z
1 MFSB (Medium Frequency Snoring Band): 300¢ 850 Hz

1 HFSB (High Frequency Snoring Band): _z

Below figure (example for a 2fiinuteswindow) shows these bands with an auglieriodogram
above the audio envelogignal(dBc) with the automatically detected snoring everAsombination
of FFT data for the selected period, the distribution into thejfrency bandsnd aselected signal /
event overviewis configured for the top view area
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4. Frequency Band Scoring

As Snore eventare not automatically scoretb the frequencies bands a manual classification
the snore periodsin the bands must takplace. This can be performed in a rather rough manner as
the reporting capabilitiesi Noxturnal will associate then8re events with frequency information.

The window size can be chosen rather lohgléwe.g. 4 hours) and ahownin the picture below
the information in the Relative Power Band Value (percent) supagtsck manual scoring in the
frequency bands.

BB Snore Bands LMH for PG - /B Recording Fesuts 2 Snoes LMLH s Pao. . % | Snom Soore Bands Disriuson X | Overvesw LMH Soore kit P, %
x| E

T - Aud (1. sacond spoch) | Power Bands - Audio (13 scond spoch)
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The first three signal are derivations from the full audio to show the power ration of a certain
frequency bandLFSB, MFSB, HFSBhtototal of the three. The scad¢herefore equal percentages:
M X G2 AA3IYATE wmnE: T The eyels fdordhe dxis EngshréRdotiediines) larg R
set for easier decision makithOTE:he 10% are arbitrary chosen fsupport})

91 |LFSBrower Ratio(Low FrequBand): Scale @; 100%  Axis Line: 1%
1 IMFSBPower RatigMedium FrequBand): Scale @ 50% Axis Line: 1%
1 |HFSBPower RatiqHigh FrequBand): Scale @& 50%, Axis Line: 1%

Three event types have been createdscore thesnoreswithin these Power Ratio derivations

1 Green A Snore vith Low Frequency Barmbntribution A _nd
1 YellowA Snore vith Medium Frequency Banmbntribution A Snore Med Freq Band

1 Red A Snore vith High Frequency Barabntribution A _nd

LG A4 NBO2YYSYyRSR (2 a02NB T Ahghightederest foathiey 2 NB
oSnore High Freq Baadill overlay the green bar. Other more fainted color options are possible but
remain forcustomizatiorby the user.
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5. Custom Snoring Reporting including Frequency Band information

The scorednformation in the signal sheets could be used to cresleigesetof parametes. The
report information should however still fit a small number ofjea and avoid going to extreme detalil
for all possible conditionsThereforethe suggested reportsee alscAppendix A) combirsa limited
number ofnumeric and graphicakpresentation for:

1 Single Snores within and outside of Snore Periods

1 Snoresandcoherence fospecificfrequencybands
1 Snores elated or unrelated to Respiratory events (customizable time dependency)

Following arbitrary decisions got taken:

1. Frequency bands are defined to §800Hz 300- 850Hzand 850-4 ®nnn |11 o600 KA &
frequency bands according the two cited publications in the introduction of the document)

2. Positional statistics are reported éallé | & ¢ $flifintolSapinei/Kedt+Right / Prone.

3. Tables for frequency bands take into account Single Snores within Braons only. This
means that Snores outside of Snore periods are not analyzed / reported further. However
percentages are given on the base of all Single Snores.

Single Snores within Snore Periods (percentages compare to all S-Snores)
All positions Supine Left [ Right Prone
Reporting all snoreswhich Count Total % of all Total % of all Total % of all Total % of all
contain frequencies of time[s] S-Snores | time[s] S-Snores | time[s] 5-Snores | time[s] 5-Snores
Low Frequ.  [50-300 Hz) 2259 28378 BG6,6% 452,3 18,4% 2366,6 B7,9% B9 0,3%
Medium Freq. (300-850 Hz) 1508 19879 B1,7% 451,9 18,4% 1517,2 42,9% B9 0,3%
High Frequ.  [BOD-2.000Hz) 313 3078 12% 196,6 B, 1% 111,3 3,9% 0 0%

4. A relation of snore to respiratory events is defined as given for any Single Snoreawithi
Snore Train which follows within 20 seconds after a respiratory (OSA) event. In cantrast
requires a minimum of 5 minutes to define Snore events as unrelated (outside of) to OSA
events. Any Snore events not meeting one of these conditions willetaegorted further.

5. Thecombination of different frequencies is presented independent from OSA relation (only).

6. For quickviewthe snhores and frequency contentrigpresentedagainst the body position.

Single Snore
Snore Train
Snore Low Freg Ba
Snore Med Freq Ba
Snore High Freq B — — —— — — - — —
up
: L L non] L]
R
P

01:00 02:00 03:00 04:00 05:00 0600

B The suggested reponisesNoxturnalshigh flexibility andeporting capabilitiesfor variables
structuredwith several conditionsTheresultingreport represents an advanced leyélut,
can be usedlirectly without experience ifNoxturnal report setupUsing the feature to
hover with the mose over a displayed derived variable with the mouse will show the
conditions for the variable. A Example: |Mmee o Snalenere cenis in secp

that overlap Snore Train events
that overlap Snore Low Freq Band events
that are near Apnea or Hypopnea events which start 0 seconds before and up to 20 seconds after
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6. Appendix A: The O3 1 1T OET ¢. . T @0 hadodontenuz8 p . OA Oc
Required layouts, events and report
Views
Sheet Layouts (these include the dexdvsignals): Power Bands
1 20min Snore L,M,H and Periodogram . LFB Snore
1 SnoreScoreBandsDistribution . MFB Snore
1 Overview L,M,H Snore plus Period . HFB Snore

Workspace Layout:

1 SnoreBands_,M,H for PG

Snore Analysis, Events and Event Groups
Customized Snore Detector

1  Snore Modified ver0

Analysi€Event Types

f SnorelLowFreBandf 'y DNRdzLJ ¢{ y2NB [ 2Cé 0
T {y2NB |1 A3IK CNBIl .FyR O0AYy DNRdzZL) a{y2NBE aScCé¢o
T {y2NB |1 A3IK CNBIl .FyR O0AYy DNRdzL) a{y2NBE | ACé¢0

Event Group (usi Overview sheet):

1 Snore Summary Freq (Lalb8inore)

Report Variables

9 Library of equired specific variables for the report (need to beimported but made available for
possible further reference, adjustments)

Reportparts j 2 APT OO0 0AOO 3AAOQEITT O311 OA 3PAAE
T  Short Trend Summary Snore afbs- Graphics

1 Single Snor®istribution to Resp EventsGraphics
1 Single Snoréreq Band distribution Graphics
1 Single Snores in SP no GJAble S e _ L]
f Single Snores in SFable M —
1 Sinde Snores in SP with OSAable srovefresueney bt S i
1 Snore Indices Generalable T e ot
Report
{  Snore Special L,M,H vefd pages) — 5 =
Values with same label are grouped l
Custom Fields for Recording library use
Low Frequency; Medium Frequency;|High Frequency
Snore Frequency Ban4 (see figure right) B —
Noxturnal Snoring Frequency Evaluation 80f13
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7. Appendix B: Examples and information about derived traces, event s
and views

Snoring Detector 3AOO0ET CO A1 O 0311 O0A -1 AEEAEAADG

General Properties | Input Sjgna]3|

Snore Detection Snore Train

Shortest Snore Duration: 0.2 seconds Mirimum Number of Snores: 3
Longest Snore Durgtion: 2,5 seconds

©) Absolute Threshold: dB Validation

@ Relative Threshold: 5— < 140dB Test forinhalation overap

* Times the average background activity Test center frequency

Exclude during movement

Example signal derivation for frequency bands z LFSB (derived from full
audio)

MNew Derived Signal

Select derived signal type

Filtering Properties

RS Filter Design

Moving Average ) Lowp

@

Powerline Filter ' Low Fass

General () High Pass
Derivative @ Band Pass i
Integral () Band Stop 0-4000 Hz
Inverted

Spectral £ Pass frequency 50 to 300| Hz
AR Spectrum Filter Size: 1000 taps
DFT Power Band —_—
Periodogram Signal Window: Hamming -

Custom Power Bands and properties for Power Band Views

Power Bands Power Bands - Audic (1.3 second epoch) B %! powerband Properties
] L&
Create or edit default powerbands. Power bands are used for analysis and various views showing 10- a
spectal power bands, 1 Apha 213 He ]
8 - Beta 13-35 Hz ]
Name Range Color ] 5 oat DaaH —
LFB Snore 50-300 Hz [] o] 2 e 1 = a e nz
MFB Snore 300-850 Hz ] & & HFE Snore 850-2000 Hz u
HFB Snore §50-2000 Hz | ] ] ; g LFB Snore 50-300 Hz ||
] MFB Snore 300-850 Hz
s 1 Theta 48 H:z [ ]
&) () o s gm  oso
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Relative Frequency Band Power Ratio View (derived from full audio)

Filtering

FIR Filter

Maving Average

Powerline Filter
General

Derivative

Integral

Inverted
Spectral

AR Spectrum

DFT Power Band

Periodogram

Periodogram Power Band

Periodogram Power Bands

Power Ratio

Z-Ratio
Statistical

Max

Mean

Median

Min

Peak to Peak

Properties

Epoch Duration

Power Ratio
Numerator:  LFB Snore
Band Range:
Denominator:
Band Range:
DFT Spectrum

Signal Window:

[] synchronize to scoring epachs

Epoch Duration: 38|

Restore Defaults =

Decimal Places: 1

[ Auto Dedmals
Exdlude When Scaling all
Draw Axis Grid

Properties =
.m.w. Derived Signals b
Axis High: 1
AxisLow: 0 [[] Auto Magnitude values

Properties

/ axs. signal | Derived Signals

signal Label:  Audio (LFE Snore, 50-300Hz)/(Den, 50

Signal Type:  Audio. DFT.PowerRatio-Respiratory

Signal Colar:

[ clip Signal
[] Show Values
[] Draw As Step Plot

- [¥] Fill Plot
Mxis Height: |55 pixels ] Auto Center
[C] Auto Scale
|
[aemty | [ oc ][ concel | ooy ) [oc ] [ conce
B.05. 2013 00:27:48 [ 1.91h
01160
= 1

Audic

(LFE Snore, ... 0137

_

After adding similar derivation for MFB Snore Band and Axis Lines at 10% (label shown for top signal):

es577|

Audic

(LFE Snore, ... 0,5 1
Audic

(MFE Sno

Label: Audio (LFB Snore, 50-300Hz)/(Den, 50-2000Hz)), 3=)
Type: Audic.DFT.PowerRatio-Respiratory

033 Hz

n
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Relative Power Band View (derived from full audio)
new perea s .

Select derived signal type

Filtering | | Properties | Advanced|
FIR Filter Epoch Duration
Moving Average zs‘—
Powerline Filter Epach Duration: h
General Power Band
De""“‘va HFBSnore  850-2E.. [ -
Integra LFESnore  50-300... [
Inverted MFB Snore  300-85... B &
Spectral 3 [ Theta 48Hz | | X
AR Spectrum
DFT Pawer Band Periodogram
Periodagram
g FFT Order: 13 or 8192 samples
Periodogram Power Band
Periodogram Power Bands Relative power band value (0-100%)
Power Ratio
Z-Ratio

Frequency Band Events 7ZA @A D1 A 031 1 OA
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