Echo Canceller Testing Solutions
(VoIP, TDM, & Wireless Networks)
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Where are the echoes in your network - TDM, VolP,
Wireless ?

. *  Acoustic Echo Canceller
Echo Possibilities *  Noise Suppression
*  Speech level control

Acoustic Echo

-
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‘I * Mobile Phone
1 * Speaker Phone
," + Hands free in car

AEC built in to
mobile phone
(Sometimes)

*  Short Echo Delay
* Good Echo Path Loss

*  w/ built-in LEC
POTS Line

2-wire
POTS Phone

-

b
VolP Phone \I
* Speaker Phone j

« Soft Phone ,’
£

Acoustic Echo

oGL

Communications



Echo - Overview

* In today's digital networks, almost all calls except local wire-line calls require an echo canceller
* Talker echo is disturbing if :

» echo delay > 25 ms and / or

» echo loss < 46 dB
* Terrestrial voice networks have two echo cancellers, one at each tail

* Cellular networks may have a line echo canceller to cancel terrestrial tail echo and an acoustic echo

canceller to cancel mobile acoustic echo

* VolIP networks may have a line echo canceller to cancel terrestrial tail echo and an acoustic echo

canceller to cancel speaker acoustic echo
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Line Echo and Acoustic Echo Cancellers

‘ Echo

Imperfect signal separation in the hybrid creates
the echo.

2 - Wire

”
<

Hybrid Echo (Line or electric echo):

Acoustic Echo:

Poor voice coupling between the earpiece and microphone in
handsets and hands-free devices creates Acoustic Echo
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GL's EC Testing Solutions

TDM Solutions

Wireless Solutions

VoIP Solutions
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Solutions and Techniques

* Quick Testing and Verification of EC Performance

* Field Characterization of Echo Paths, Impulse Responses, Delay, & Loss Statistics
* Field Measurement of Echo Return Loss and Echo Loop Delay

* Live Monitoring of EC Operation

* EC Compliance Testing per G.168 Using Manual Methods

* Automated EC Compliance Testing per G.168 Standard

Communications



Solutions and Techniques (Contd.)

* Semi-Automated and Scripted EC Testing

* Testing Developmental EC Software (w/o EC Hardware)
* End-to-End Subjective Testing

* Automated Acoustic EC Testing (Digital, Analog)

* Network Wide Monitoring of Echo and Voice Quality

oGL
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Quick Testing and Verification of EC Performance

Filter

Attenuate

Delay

Delay / Attenuate

T1 E1 Hardware

Communications



* Allows to apply delay, attenuation, and/or filtering to ~ Timeslots

a received signal on any number of timeslots end [51

* Mix in additional signals from a number of sources,

Delay/Attenuate Timeslot

Delay/Attenuate Timesloks - |E||5|

including
» Speech and/or Noise signals from files

» Speech signals inserted via VF input

» Gaussian noise signals generated internally

oGL
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Processing
Options

Burst Threzhaold
I-ED 3: dE
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— Mix Moize

) Hione File I j Browsel
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% yhite Noise Gain |0 & |
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|T>-: Wiite: ExceptOverRun
‘
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Apply | Close |
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Oscilloscope and Power Spectral Display

Oscilloscope Display

Cad#2 7]

Linear

# Spectral Display

Poui&r (SBIm)

o013
Seconds
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Accurate Field Characterization of
Echo Path, Impulse Response, Delay, Loss

Echo
Canceller

’,ou'-‘-hn_._

tProbe™ T1 E1 Analyzer 12



Impulse Response Characteristics
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Field Measurement of
Echo Return Loss and Echo Loop Delay

Sout

Echo
Canceller
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Measure Loop Delay and Echo Return Loss

=101 x|
riginal datal':afd H1 "'I Feturned datal':afd #2 "I
Delay ERL Delay ERL Delay ERL Delay ERL
T Al - = b7 sre[aag [55| B7g[44.8
= [0 [ e7el4a8 [15 | gve[445 [25 | &7e[448
2l = = [T svel4as 5[ erel4ag [Z7 [ srel448
[4 | eve[4a8 [1Z[ e7e[4a8 [Z0[ eve[4ae [25[ a7el448
[5 | gve[4a8 13| [ZT [ gve[4a8 29|
[E | e7e[4a8 14| 2 = = =g
[7 | e7e[-4a8 15| k] il |
Select All Timeslots I Dezelect Sl Timeslots I
Delay [mz]: Minimum |0 Ma:-cimuml'lDDD
EEL [dB]: Minimum IE Ma:-:imumlED
Crnainal Data Source
. Ell lnput I Onlwwhen OF Hook
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Live Monitoring of EC Operation

Echo

Canceller

m—=wmw Dual PCl cards | [z

]
nL |
I

Sout

Rin
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Record From Multiple Cards

* Capture of data from non-contiguous timeslots
* Capture of bytes in reverse or normal order

* Limited capture (specific number of bytes) to

files from all or selected timeslots

oGL
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Record from Multiple Cards

Filename

I C:hLoghrec LI Browsze... |

— Select Timeslots for Capture

00010203 @05 @607 B0 T 12131415
1617 181920212223 24 8526 27 8 293031

Select Al | Deselect.-’-‘-.lll

— Capture Size Options
[~ Limited Capture

Size [Butesz] I

[T Buyte Reversal

Captured Data: 714896 bytes

— Portz

- &)l Paorts |

Clear Parts |
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Manual EC G.168 Compliance Testing

* Product used — Playback and Record

File (for manual) W Filter

AVIVE
S0 AR A

Echo

Double Talk Canceller

Attenuate
* Other Related Products — Delay /
Delay

Attenuate Timeslot, Transmit Tone, Cp—

Controls
Delay Attenuate

Application

Digits, Noise, and GLC View

WSS9 HyperTerminal

tProbe™ T1 E1 Analyzer

oGL

Communications
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Delay/Attenuate Timeslot

Delay/Attenuate Timeslots - |EI|5|

* Allows to apply delay, attenuation, and/or filtering to

a received signal on any number of timeslots

* Mix in additional signals from a number of sources,
including
» Speech and/or Noise signals from files
» Speech signals inserted via VF input

» Gaussian noise signals generated internally

oGL
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r Timeslots

Stark |4 E
End |3'| _I;

—Fx Data Source

EardIEard #1 'I Decods Iu-Law 'I Inhibit I
‘I[II:II:I ms Gain |2IJ db Filter Browsel Mone |

| IIIIIIIIII .j IIIIIIIIII | . .J IE:\F’rogramFiIes'\GIEDj
R« Delay Range 0 ] 5 an 0 a0
18- 200 ms
& 0-2zec ~Mix Speech
' Hone File IE:'\Program FiIes\GICommunij Erowsel
i~ Configuration— % Speech from Fils % Onee ) Continuous [(NAAAAN
SavE ' Speech from YF Hput Gain |D dB | 'ﬁh
Load Timeslat [T =] [ ufE 40 0 +20
 Mix Noise
) Hone File I j Bmwsel
FiEEssE " Moize from File % Onee © Copfruouws [0
Oiplfars | = yhite M oise Gain ID dB | 'ﬁh

Burst Threshold
R I ]

Spne Start
I witty Bz Burst

M -40 i +20

r— Tx Destination

Card IEard #2 j EncodeIA-Law j Tx SignalingIDon't Care 'I
* Mixes with Rx signal  [nhibit Fix |

|T:-: Wiite: ExceptOwverRun
|En0rs - [983] Tx=3584, R==5
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GLC View Analysis

* Displays files captured during G.168 |*T|__ |_|___, ;—:|—

testing

* Linear and Power displays shown

Power ve, Time . Press Right Mowse and Drag

oGL 20
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* Far End emulation is
performed with GUI-based
File Playback and Record

Software

* Near End emulation of
hybrids using GUI based

Delay / Attenuate Software

* EC control using standard
terminal emulation software,

e.g. HyperTerminal

oGL

Communications

Playback and Record File

Record Data to File

Filename

=101 x|

Device Na IEarl:I'I TI

IE: “Documents and Settingz'Wddministrator\Deskioph2. pom

S|

Device Mo IEard 1 vl

Time-Slot Selections
Start End

= =

v Limited Capture

Size in Bytes I 2000000

AnalyzertBert B S5 . BE Rl H

Byte Reverzal

[” Byte Reversal

Captured Cata Size; 90024 Buotesz,

I with Drop/lnsert

il

Continuous Playback
Send |dle Code at End of Flayback

¥ Broadzast File
Apply Sighaling Bits

START

sTOF

fi Irvert Bit Cloze

=10 x|
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Automated Echo Canceller Testing - Solution 1

T1E1Portl T1E1Port2

* Uses WCS (Windows Client Server)
software to transmit/receive files and to

simulate the echoes in real time

Communications
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Automatic Echo Canceller Test Software - Solution 2

* This solution is designed for special , Sin M Sout N
applications where the LEC is still in m——
development form, i.e. software only. Also, no
GL hardware is required, as everything is file

based Rout EC Rin

I Controls I

/’—\\

oGL

Communications 2 3



Automated EC Test Software for T1

* Simulates an actual echo loop with echo

path delay, hybrid filter, and attenuation

* Auto analysis of the response according to
G.168 (04/2000), G.168 (06/2002), and
G.168 (08/2004)

* Auto or Manual control of the EC during

testing

* Detailed graphical results for individual

overall test

oGL
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) Echo Canceller Test Automation - T1

— Echo Canceller Test Setup [~ EC Test Control Mode Result Analysis — | Result Report
| (g oll” 7 v &
—l =l User Defined Directory for PCM Data -
| ' |
Sl | =
— Progress —— — Timeslot Selection Initializati — G.168Version
Test1
e ;4 EE S
50% m ] | 7
= « |(E | | || |||
Display Options
i
r
r
2 o
GL Communications Inc | Rurinir g
Auto ECTestT1
Yersion 5.33d Create INI Iile| Stop
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Auto EC Test for E1

J Echo Canceller Test Automation - E1

— Echo Canceller Test Setup —  ECTestContolMode - r—  ResdAnshsis  — Riesub Fepart —
S IS M =] 8 &
P Auto sl ¥ Save Sout Only
Defouk Setp | Test Repeat Humber User Defined Directosy for PCM Data -
I 1
Load a Setup Fie| i @ [ eNautoectestel\gl6aresuts e
SN 1 —
- e = lmsw T Cios 15 Teat Intizfization  — G.168Vesion  —]
[ Teat I™ Enable TSD Select All Tmeskts | y F_— Indisizs GL Cads | [ | [3472000
| 100% || EnsbleTs16 _ Clear Al Timeskts | - - i
Initiakze EC Status
- Il sz | vs3 | 7s4 | 75 | 756 | 87 ] fovzom
s8 | 189 | 110 | 1811 | 1892 | 1813 | 1804 | 1815 Operator and EC Detais |
= o 1517 | 1518 | 1518 | 1520 [ 1521 | vs22 [ vs23
[ o Ts24 | 1525 | 1526 | 1527 | 1528 | 1529 | 1530 | 18
Dizplay Options
" " = _
Display Window I
€ GUI Setfing
" Faded Teats
€ AlTest Case
GL Communications Inc | Load ... | | Reset |
Auto EC Test E1
Version 5 33d ﬁmmlﬁe| | I Close |




Auto EC Test Results

Fle File
Dsdl @220 lozal#e o
Test 28 (C55= -10dBmil ERL=104B Delay=32msec. Timeslot=0 Residual=-54dBm0) Test 8 Comfort Moise Test Results
01 - Tester; unknown -
Echo Canceller: unknown — 5.168 Max Value Requirements
10k 10 | Dstes unknosn — 5.168 Min Value Reguirements
4 Test9 Results
OF ok
[}
[
-10f T 1ot
i L Comvergence time and residual requirements per G.168, =
.% Ilﬂ tart point at = 32msec. Pass convergence time requirement. g 20k
. 4
1= \ o
3 -0 2 30t
(5] A =
401 5 +
n = A0 -
= ¥
A0 | Residual= -54dBm0 a € /
Pass residual requir 50 -
-B0 - E0 -
70 1 L L ] 70 ] I I 1 I ]
B & 2l e E + = F0 55 D A5 -40 35 30
Time in seconds. Maise Level in dBmd
C‘ an: muRications 2 6



Auto EC Test Results in Text and Excel Form

X Microsoft Excel - Test1to]l 0Bresult.csv
ﬁ File Edit Wew Insert Format Tools Data ‘Window Help

DEH SRy | sBBL oo

avial < -B 7o SE=E=EH8 %, @58 |
A1 =] =| Test Case
A E_| ¢ | o[ E [FJ & ] H [ 1 [ 1 | K |
EC Test Result Sumnary 1 [|Test Casel Pass/Fail Test No. | NLP | Timeslot Filter | ERL{dl Delay(ms] Rin(dBm) Reguired(i Residual[dB=
2| T Pass Test1 ON 1. ml B 26 0 55 BE.09
Tester: unknown 3 2| Pass Test1 ON 1. ml B 32 0 55 BE.09
Echo Canceller: unknown 4 3Pass  Test1 OM 1/mf B B4 0 55 BB09
Date: unknown 5 | 4 Fail Test1 ON 1/m1 B 128 i 8 123
|6 | 5 Pass Test1 ON 1. ml 10 26 0 55 BE.09
Case 1: Pass Test 2B NLP=OFF  Rin=  0dBm0  ERL=  10dB o bPass festl O Ll 2 2 2= B
Casze 2: Pa== Test 2B HLFP=0OFF Rin= 0dEm0 ERL= 10dE — - -
Case 3: Pass Test 2B HLP=OFF Rin= —10dEmn0 ERL= 10dB | 9 8|Fail Test1 |OM 1im! a 128 g 55| 166
Case 4: Pass Test 2B HLP=0OFF Fin= —10dEn0 ERL=  10dEB |10 3 Pass Test1 |OM Timd 12 28 o S5 BB09
Case G§: Pass Test 2B HLP=0OFF Rin= —20dEml ERL=  10dE |11 10 Pass Test1 OM Tim1 12 32 o -85 -B6.03
Cozc &: Pazss Test 2B HLP-COFF Bin- 20dEm0 ERL- 10dE | 12 | 11/ Pass Test 1 on 1 ml 12 54 1] 55 -66.039
Case 7: Pass Test ZB  HLF=OFF Rin= —30dBm0 ERL= 104dE 113 | 12 |Fail Test 1 oM 1/m1 12 128 0 -85 -24.85
Ca=e 8. Pa== Test 7B HLF=0OFF Fin= -—30dEm0 ERL= 10dEB | 14 | 13 Pass Test 1 (a1 1 rmil 14 24 0 ) -BE.09
|15 | 14 Pass Test1 | ON 1. ml 14 32 0 55 BE.09
| 16| 15 Pass Test1 ON 1. ml 14 [ 0 55 BB.09
|17 | 16 Pass Test1 ON 1 ml 14 125 0 -5 0
| 18| 17 Pass Test1 ON 1 ml 5 28 -10 65 BB.09
19| 18 Pass Test1 ON 1. ml B 32 -10 65 B6.09
| 20| 19 Pass Test1 ON 1. ml B [ -10 65 -BE.09
| 21 | 20/ Fail Test1 ON 1 ml B 128 -10 -5 236
[ [4]F ]I} Test1to10Bresult /7 B o ‘ 4] - - - Tn |
Ready 1 o o

OGL 27
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Supported G.165 and .168 Test Cases

Test 1: NLP On Yes Yes
Steady state residual and returned echo level test (G.168 version 04/2000 only) NLP Off Yes Yes
Test 2: Convergence test

Test 2A: NLP On No Yes
Test 2A Part b (G.168 version 01/2007): Re-convergence with NLP On No Yes
Test 2B: NLP Off Yes Yes
Test 2B Part b (G.168 version 01/2007): Re-convergence with NLP Off No Yes
Test 2C Convergence test in presence of background noise: NLP On No Yes
Test 2C-c (G.168 version 01/2007) : Convergence test with NLP Off and NLP OFF No Yes
background noise For noise level -55 dBmO No Yes

Test 3: Double talk test

Test 3A: low cancelled-end level s MG
T Yes Yes
Test 3B: high cancelled-end level No Yes
Test 3B Part b (G.168 version 01/2007): stability test with low cancelled-end levels
o . No Yes
Test 3C: simulated conversation
Test 4: Leak rate test Yes Yes
Test 5: Infinite return loss convergence test Yes Yes
Test 6: Non-Divergence on narrow-band signal test Optional Yes
Test 7: Stability test Optional  Yes

= Test 8: Overload test Yes No
oaGL

Communications



Supported G.165 and G.168 Test Cases (Contd.)
—

Test 8: Non-convergence of EC on SS5/SS6/SS7 tones in-band signaling and
continuity check tones

Test 9: Comfort noise test Yes Yes

Test 10: Facsimile test

Test 10A : Canceller operation on the calling station side (with NLP On and NLP Off) No Yes
Test 10B : Canceller operation on the called station side (with NLP On and NLP Off) No Yes
Test 12: Residual acoustic echo test No Yes
Test 13: Performance with ITU-T low-bit rate coders in echo path No Yes
Test 14: Low speed modem test No Yes

Test 15: DC Off sets

Test 15A: No Yes
Test 15B: No Yes
Test 16: DTMF tests

Test 16A:DTMF transparency in the presence of a dial tone No Yes
Test 16B:DTMF transparency in the presence of speech No Yes

oGL

Communications



Automated EC G.168 Compliant Test Setup

G.168 (04/2000) - Includes Test
1, Test 2A, Test 2B, Test 2C, Test
3A, Test 3B, Test 3C, Test 4, Test
5, Test 6, Test 7, Test 8, and Test
9

* (.168 (06/2002) —
10A and Test 10B

Includes Test

* (.168 (08/2004) -
15A and Test 15B

Includes Test

* (.168 (01/2007)- Includes Test
2Ab, Test 2Bb, Test 2Cc, and
Test 3Bb

* (.168 (03/2009) - Includes Test
12, Test 13, Test 16A, and Test
16B

oGL

Communications

J Automated Echo Canceller L‘. 168 Compliant Test Setup i =101 %]
Echo Path Swralshon St Test Signal Settngs Test Sefting Morstorng
™ Enable Energy Distribution nli-weE:hoPnIh; C55 Levels: | {01020 -30] Oversl EC Test Setup Pararreters o Each Test
e e [ | ] T —
faed o] Enemii[ 0 Tone Lovellor Test 64 Text 7 Frarming loemat: 193 NLP= OFF
s ERLGB) [ 151012] I ' ' Total Husrber of Testss 1 HybidType= 1
HybidEFL= 6 10 d8
. =] Delayimst [ (283254 128] — ; Test 28-a has 16 cases HybidDelay= 28 32 ms
: Special Inputs for Test § HybiidType2e 1
— Echa Path 2 Hybad 5 Afer/Beloee: Estimatind time: 32848 saconc HybrdERL2= & dB
[Fie:  a| Enesgiil | ] o 0 howrs 54 minutes 44 seec HybwidD eday2= 29 s
Power: & oming Estreme] € Extreme: Hybid Tyepaa 1
L Sywench” |555+6+71 (555 I 55617 HobdDelay 3= 23 o
' Echa Path 2= 0
Moize Lewel for Test 9 Echo Path 3« 0
Echo Path 3 Hybid Setlings— B CS5Levels0 -10 20 -30 Bl
RS [ !
2 ERL[<E] I Spacasl Inputs o Test 15
x| Oetmp[ 5 |||[fF Fes T Perte DCPowec [ I | ﬂ—l KN I :’J
—  MLP Options T 'I'ad:'l3
¥ NLFOn I Sgen =55 d3n “wtnmm Corrvergence Input for Test 288012 G188V
¥ MLP O khos x| Filtes Type: bkl
Timeinsec. [ -
Test1 | Test2ta| TestzB-o | Test2Cat] Test3n | Test38 ITauze«hl Test 85| Test18A| | | putgyinme [T
Tet 3 | Teud | TeaS | T | Test7 | Tests |Tes2b| Tea12 | Te168| | | gprineg [ 11
Test | Test108| Test108]| 7ev 14 | Test 154 Test158| Tent2Ce| Test13 | cssindeme|
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<) Test 2B Convergence Test Results with NLP OFF

File:

Detailed Graph of Individual Test Cases

Passed Test 2B
o x|

<} Test 2B Convergence Test Results with NLP OFF

File:

Failed Test 2B
=101

[[uir=a = NI
Test 2B (C55= -20dBrm0 ERL=10dE Delay=32msec. Timeslot=0 Residual=-63dBm0)

Sout in dBrn0

20

10+

20

-a0

Anl

A0

ROk

-f0

Tester: unknown
Echa Cancellet: unknown
Date: unknaswwn

1 Corvergence time and residual requirements per G.168.

ﬁ tart point at = 32msec. Pass convergence time requirement.

| Residual= -E3dBm0
Pass residual requ

|
2

el

Time in seconds.

[{==2 = NCHC e
Test 2B (C55= -20dBm0 ERL=EdE Delay=32msec. Timeslot=0 Residual=-44dEm0)
2

Sout in dBrmd

10

-20

-30

Aol

B0

B0

-70

Tester: unknown
Echo Canceller: unknown
Drate: unknown

onvergence tirge and residual requirerents per G168,
gtarrll poqnpa?='§'5msec. ass convergence tlime reguirernent.

| Residual= -44dBmD at:

Fail residual reguirern
AAAANS AN AR SRS

i . .

2 4 53 B 10 12 14 16
Time in seconds.

oGL
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Semi-Automated EC Testing

* Far End and Near End real-time emulation using GL's WCS (scripted) software / language

* Complete G.168 Test Scripts using a variety of Clients (C++, Lab view, Matlab)

GLl's T1 E1 Server

R ETEEr e

C++ Client
Command Line Interface
Graphical User Interface

oGL

Communications
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Windows Client / Server Software

#1+GL Client - t1Test2B_dsp.gls i ] |

File Edit ‘Wiew Connect  Script Log  User Help

Do 2R &S nRbe | B6E sz e

Connected to GL Server on 'guizhong-test-p’

{fT1 DELAY SCRIPT

HTHIS SCRIPT tests delay function

{f this script should not be run simultaneously with GUI

{{ Connection assumed: connect card1 and card?2 from PC 'A' to card1 and card2 of PC 'B'
respectively

fIMODE:SEQUENTIAL
i
{f User needs to comment the commands according to his requirement
i
{{BOARD SETTINGS..
i
{fINTERFACE SETTINGS

set i< interface terminate #%;
Nept re intedare monitnr 8%

Ready Binary | | v

oGL

Communications

Connect...

~ Connect to Server on This
b achine 0K

J Cancel |

Server Ligtens at port 17030

(" Connect bo Server an

Mezzaging
% Server uzes Binamy messages

7 Server uzes ASCI text messages

Yerzion

' Server uses Yersion 3 Messaging [Legacyf

7 Server usus Yersion 4 Messaging [Unified)

33
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Testing Developmental EC Software

EC Software without EC Hardware

EC Software

Model
Rout

AutoEC Test Software

(No GL Hardware Required)

* Product used — Automated EC Testing Software

34



Testing Developmental EC Software (Contd.)

AutoECTest Software provides the input files Rin & Sin (with echo) to the EC Software

EC Software picks up these stimulus files (by frequently polling) and apply them to the

EC in synchronous fashion

EC Software produces the output files Sout and possibly Rout and provides it to the

AutoECTest software for analysis

AutoECTest performs a full analysis (with detailed displays) that results in a "Pass" or

"Fail®



End-to-End Subjective Network EC Testing

* Simulates echo path delay, hybrid

filter, attenuation

* Permits addition of noise and
other impairments to bi-directional

paths independently I

* Product used — Delay / Attenuate ‘I

Timeslot

* Other Related Products —
Playback and Record File,
Transmit Tone, Digits, Noise,
Oscilloscope, and GLC View

oGL

Communications
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Simulating and Testing Acoustic Echo

* GLl’'s Auto AEC Test is used perform

acoustic echo cancellation testing in

ERTE

accordance with ITU-T Specifications,

AEC built in to phones

G.167 (03/1993) and P.340 (05/2000)

Rin

* Rin and Sin files (stimulus and echo) Sout

are prepared by Automated AEC Test

Rout

software in accordance with user

Sin

inputs. Rout and Sout are captured

and processed

oGL 37
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End to End Applications for Mobile, TDM, and VolP

* Case 1: Simulation Digital — Stimulus Digital (TDM to TDM)
e Case 2: Simulation Analog — Stimulus Analog (TDM to TDM - Mobile Applications)
* Case 3: Simulation Digital — Stimulus RTP (VolP to TDM with Gateway)

* Case 4: Simulation Analog — Stimulus RTP (VolP to TDM with IP Phone)

oGL

Communications



Simulation Analog - Stimulus Analog
(TDM to TDM Mobile Phone Applications)

* In this scenario, the AEC is
assumed to be in a mobile
phone and accessed through
an analog interface

* Again, GL's T1 E1 platforms
with analog interfaces are
used to convert analog signals
to digital and subsequent
processing is performed
digitally

Dual T1E1 Card  Single UTA Single UTA Dual T1 E1 Card

Acoustic Echo Simulation Stimulus/Response

* Level adjustment accessories
are used between mobile
phone and the Dual T1 E1
card to accommodate various
signal levels and impedances

8GL .
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* Auto Acoustic Echo Canceller Test Automation{Simulation Digital - Stimulus Digital)

Configure Test Cases

File Config EC Tesk Setup  Execute Results Help

Source Signal Power |Length of Source Signal |Filker in Acaustic Path| Attenuation in Acoustic Path|Delay in Acoustic Path

Result

TCLwst
TCLwst
TCLwst
TCLwst
TCLwst
TCLwst

* Test Signal Settings provides options to set dBm level, file and length of the signal in seconds.

* Test cases executed atleast once, displays ‘pass’ or ‘fail’ in result column.

* Acoustic filter types (Static and dynamic types - Small Office, Medium Office, Large Office and room

impulse response (RIR) generator based on room parameters)

oGL

Communications

SOffice
SOffice
SOffice
SOffice
SOffice
SOffice

32 msec
26 msec
32 msec
26 msec
32 msec
26 msec

Tobe C..
Fass
Tobe C..
Tobe C .
Fass
Tobe C. .




Auto AEC Supported Test Cases
(G.167, P.340)

Test Cases Description G.167 P.340
TCLwst Weighted terminal coupling loss — single talk Yes Yes
TCLwdt Weighted terminal coupling loss — double talk Yes Yes
Ardt Received speech attenuation during double talk No No
Asdt Sent speech attenuation during double talk No No
Drdt Received speech distortion during double talk No No
Dsdt Sent speech distortion during double talk No No
Pr Maximum frequency shift (or pitch ratio) No No
Tonst Break-in time — simple talk Yes Yes
Tondt Break-in time — double talk Yes Yes
Tic Initial convergence time No No
Trdt Recovery time after double talk No No
TCLwpv Terminal coupling loss during echo path variation No No
O G /5 Trpv Recovery time after echo path variation No No

Communications
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Result Display

) BEC_E1_Result_display

i ] 1
B, S Mg g
Rin Test_Resuft
1 2 T T T T :
Rin {Input_signal)
156 Sout (Output_signal) TCLwst (35.588db)

-1 1 | | 1 |
0 10 20 30 40 50 G0
Seconds
Sout
1 T T : T T
0.5 E
0
05 i
-1 | | 1 | |
0 1a 20 30 40 a0 GO
Seconds

Rin and Sout

Reference G.167 (40 db)

581 £5.2 55.3 £5.4 55.5
Seconds

TCLwest Calculsted from 55 to 555119 sec

Test

Source Signal Power |Length of Source Signal|Filker in Acoustic Path|Attenuation in Acoustic Path|Delay in Acoustic Path|Measured Walue

Threshold Test Result
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Solutions and Techniques

Manual G.168 EC Compliance Testing of ATAs & Gateways with Two-Wire Interfaces
Manual G.168 EC Compliance Testing of ATAs & Gateways with T1 E1 Interfaces
Automated G.168 EC Compliance Testing of ATAs & Gateways - All IP Solutions
Automated G.168 Compliance Testing of Gateways — Back-to-Back Gateway Solution

Automated Acoustic G.167 Compliance Testing - Stimulus RTP (Ethernet) / Simulation Analog or

Digital (VolP IP Phone Applications)

Network Wide Monitoring of Echo and Voice Quality



Manual EC Testing with 2-wire Interfaces

RTP ToolBox™

Send '

RN

* Far End emulation is performed with GUI-based RTP ToolBox™ Software

* Echo Path Loss (EPL) and Echo Path Delay (EPD) is not fully controllable as it is embedded in

gateways

* Manually test most G.168 compliance cases

oGL 45
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Manual EC Testing with 2 -wire Interfaces (Contd.)

Test 1: Steady state residual and returned echo level test Yes
Test 2A:Convergence test with NLP enabled Yes
Test 2B: Convergence test with NLP disabled Yes

Test 2C: Convergence test in the presence of background noise

Test 3: Performance under conditions of double talk

Test 4: Leak rate test Yes

Test 5: Infinite return loss convergence test

Test 6: Non-divergence on narrow-band signals Yes

Test 7: Stability test Yes

Test 8: Non-convergence of EC on SS5/SS6/SS7 tones

oGL
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Manual EC Testing

Test 9: Comfort noise test

Test 10A: Canceller operation on the calling station side

Test 10B: Canceller operation on the called station side Yes
Test 11: Tandem echo canceller test

Test 12: Residual acoustic echo test

Test 13: Performance with low bit rate coders

Test 14: Performance with V-series low-speed modems Optional
Test 15: PCM offset test Yes

47



Manual EC Testing With TDM Interface

* Far End emulation is Sgen T‘
performed with GUI-based
RTP ToolBox™ Software RTP ToolBox™
Filter N
* Echo Path Loss (EPL) & ATA or Gateway

Echo Path Delay (EPD) fully
controllable in T1 E1 card

Attenuate : d
* Complete set of G.168 echo ,
IEW Receive

compliance test suite

Gl's T1 E1 Card

oGL

Communications
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Automated EC Testing Back-to-Back Gateways

* Full compliance testing of the EC
and complete simulation of the
EPD and EPL is possible

* Full automation requires Attenote

availability of Rout, Sin, Rin, and
Delay

Sout streams through IP interface ,
EC Disabled

I
| EC Control via
1 RS232C

* Semi— automated operation is
Auto EC Test

also possible with manual control
of the EC

O GL 49

Communications



Simulating and Testing Acoustic Echo

* GL's Auto AEC Test is used Auto Acoustic EC Testing in VolP Phones

perform acoustic echo

cancellation testing in

Results
AEC built in to phones

accordance with ITU-T
Specifications, G.167 (03/1993)
and P.340 (05/2000)

Rin

* Rin and Sin files (stimulus and Sout

echo) are prepared by
Rout

Automated AEC Test software

in accordance with user inputs. Sin

Rout and Sout are captured and

processed

oGL
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Simulation Analog - Stimulus RTP
(VoIP to TDM with IP Phone)

Single UTA VolP Phone

* In this scenario, the stimulus and response signals are generated by GL's RTP Toolbox™ through
an Ethernet interface and simulation is performed digitally by GL's T1 E1 platforms, whether

accessed through analog or digital interfaces.
QGL g g g ot



Simulation Digital - Stimulus RTP
(VoIP to TDM with Gateway)

. ;
T1E1 Ethernet
Dual T1 E1 Card RTP Toolbox

Communications
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Auto AEC [P Configuration

* |IP Configuration includes -

> IP Address of RTP Toolbox and

=101 %]
WCS Server IP &cidrezs of RTP Taolbox and WCS Server RTF Server Port: IW User Agent ID: IW
» |P Address of VolP Embed | 1921681 167 Caling Session D: [~ 1 TaskSession D [ 1
EChO Cance"er IP Address of WolP Embed Echo Canceller
I 1921681 &7 Calling number: Im Part numkber: IW
» RTP Server Port, User Agent

. . The current wersion of ETP Toolbox reguires

ID’ Ca"mg SeSSIOn |D, TaSk the caling numbers and the part numbers are Apply | Cancel |
. . EYEN NUMBDErs.

Session ID, Calling Number,

and Port Number

oGL
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Integrating Analysis Algorithms (Modules)

—EC Tail
Length [128 =| Ofiset[0  (ms)
Provisioning
- Double-Talk, Detector
[ Enable DS enstiaty I'IDEI22 3:
Default3| OFF Sensitivity |21844 3:
Create - .
Configure . Analysis Module
A-Law
Analyze p-Law » Analysis
PCM-16 _
i |Etspesd| AL [ #F | RMS | Noise | DC| ERL | Delsy)
Destroy » Engine 85774 1226, 179 207 4475 1
85774 2151, W0 2231 4282 4 1503 10.750
Results « ol e i ol i
15 A7
Label Data Types | Unats
Eec Type Byte Code
Titre Integer ms
WVoice Level | Real dEm0 | O T
Pct Time On | Real Pct .
s ] e Viewer(s)
Results Schema
(Status, Events)

oGL
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TDM and VolP Monitoring Probes with VBA

TDM Probe
VolP Probe\/ - T1E1 Lines
3 -

Can

@ |

Call Capture

tProbe™ T1 E1 Analyzer
Analyzer

Voice band Analyzer

Measurements are —

Active Speech Level

Activity Factor

RMS Factor

Noise Level

Max, Min & Absolute Sample values
DC Level

Echo Return Loss

Echo Delay

Echo Dispersion

Web Browser

>' Clients

GL's Database

56
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Voice Band Analyzer

VBA is a non-intrusive analysis tool for monitoring voice band network traffic. It can
host different analysis modules for monitoring speech and noise levels, line (or hybrid)

echo, acoustic echo, and traffic classifier

The standard modules included in the application are -
» ITU-T P.56 Active Voice Level analysis

» Line Echo (Hybrid) analysis

Other Optional Modules include -

» 2-Wire Echo analysis

» Acoustic Echo analysis

» Traffic Classifier analysis

o7
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User Interface

b

MRT Voiceband Analyzer - VBA Probe 1

Profiles Logging Help

|mput | File | Directory | Start

| Elapsed | AsL

| &F

| RMs |

I Speech Level

Line Echa

i

Traffic: Classifier

FaxScan

Tone Decoder

i

Riight-Click ta
Configure Each
todule

Iore Modules

i

E1 S1L.ala
Wil 51R.ala

Access Point #1

I»’-‘«-Law

=

E1 File lC:'\F’mgram Files [+BE]4GL Communications Incioiceband Analyzer

w1 File IC:'\F'mgram Files [+BE]4GL Communications Incioiceband Analyzer

C:AProgram Fil..  06/12/2007 191936 200,000
C:AProgram Fil..  05/09/2007 122204 200,000

2053,
-22.36...

52.837...
44.043...

2336,
2592,

Setup

Wiew Fesults

3 Clear Display

il

Access Point #2

ISeIect Data Format

=

E2 File I

2 FiIeI

| Feady | F amwial | Log: dizabled

Fiesults: 51_wbscaw / 51_vhe cav

25-02-2M5 | 1107
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Echo Measurement Utility

Speaker

.......... D isiiiiiinic

o] 1

— 1

(@] 1 (o]

o S

L i

4 B>,

~ k7]

S 2

| -

Ko Q

T ! =

Echo Measurement Utility  File Tx/Rx Application

* Echo Measurement Utility Software (EMU) measures Echo Path Delay (EPD) and Echo Return Loss (ERL) of

voice calls over TDM, VoIP , and Wireless networks

* EMU software is an offline adjunct analysis application (under control of VQuad™) that compares the source
and received files to determine echoes and delay of echoes. EMU software assess sidetone, line, and acoustic

echo and the corresponding delays

oGL 59
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Features

Echo, Delay, and Voice Quality Analysis of Voice Calls in VolP, TDM, 2Wire, and Mobile Networks.
Measures EPD in msec and ERL in dB

Compares source and received files to detect echo (maximum of four instances)

Option to zoom-in on any echo to investigate further

Ability to automate the entire test process using VQuad™ scripting; including sending the results to

the central database for access via GL's WebViewer™

EMU uses EMU Client software to automatically detect the incoming degraded voice files and send

the measurements to database after analysis
Supports Line (Hybrid) and Acoustic Echo Modes
Graphically displays source signal, received signal, error signal, and adaptive filter coefficients

Calculates adaptive filter coefficients and echo characteristics for the error signal



User Interface

) GL Intrusive Near Real Time Echo Measurement Ukility =1o) =]
Help
.4:\- -_'\- {ﬂ.? \E\_
— ERL WS Delay — Echo Characteristic
- - y - - — ERL (B} Delay (ms) [
20t O indicates Echa Echol 21 0875
Echo2 -46 14625
1l Echo3
% Fol Echod
=
2
® -80
=
[
[
H 1001
Intruzive signsl lencgth 3000 Seconds Intrusive Signal Power 30 dBm
120+
140 Received signallencth 3078 Seconds Received Signal Pover -1 dBm
- [ 1 1 1 1 | 1 1 1] 1
1] 20 40 B0 80 100 120 140 160
Delay (ms)
. Analysis Iode
— Imputt Files Fun
Intrusive sigral File F::lProgram FileziGL Communications InciGL Echo b | & Time Domain % Ling Echo
Detailedd Analysis |
 Freguency Domain ¢ meoustic Echo

Received signal Fils IC:‘Pngram Filest3L Communications InciGL Echo b _I Generate Report

* Provides Delay and ERL measurements for all detected echoes, along with an ‘ERL vs Delay’ plot
* Includes signal graphs for source signal, received signal, error signal, and adaptive filter

- coefficients

©GL
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Detailed Analysis

) Detailed Analysis of Line Echo o ] |

%R OE

Irtrusive signal Received signal

] 2 4 B g 10 0 g 10 15 20
Length of signal in seconds Length of signal in seconds
— Error Signal — Filter Coetficient
0.04 F B
0.1 b
] N R — ||
002 ! R 1]
-0.04 - b
-0.06 - B
008 . . . . ] o1 . . . . .
1] 2 4 B & 0 & 10 15 20 25
Length of signal in seconds Filter coefficients(ms)
Echo Charcteristic: Wi
Apply Changes ta Main GL _ " Echot
ERL{dR) | Delsyims) |  Echoz
Echol -21 26,2500
— Filter Coefficients WS Ti Echo? £ Echn3
* Sl iy BdicE  Echiod
Echod
Lo
© Fast )

* Displays received signal display (in dBm format), error signal display (in seconds), adaptive

filter coefficients display and the table of echo characteristics

oGL
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Results

Echo Measurement Results

M8 1 15 1k [Compatibilty Mods] - Micigicfi Excel

f".'r 3
'

Heme Ingert Fage Layout Faemidas Dais Fewirw Vidw Developtr ATEP LRilies

W o A REE ARG S, 1 AL T
P10 MY
A B C 1] E F G H 1 1 L L ]
OPERATOR INFORMATION
Mame LHer's Narme
JOB Title Test El‘gll‘lEH
JOBID H-Jan-2011 and Run 8 Line Echo Mode
User Nate 2 wire to mobile messuremants

FILE INFORMATION
Imtrusive | EX\Program Files\GL Cammunications InthEchd Measerament Taalintrusive files\aooustic Tem 10secpem

Receivedi EX\Pragram Files\GL Communications Int\Echa Measurement Tool\Received files\Examplesidwire 1o mobileldw mob ferm PCMW

Error Errar display
Filtercoel Eiltercoatl display
ERL v5 De ERL WS Dalay plot

o | [ [ | |

=
ia

ECHO CHARACTERISTICS

Total mo o Attenuati Delay|ms]
Echol - 26,25
Echal

Echad

20 | Echasl
A E R

Ready ]

=A==

ERL v Delay Error Fltercoeff - Intruseve Beceresd Fle Result V0 .

=]

T O ——

Delay vs ERL Results

= 2011 1 21 15 2xls [Compatibility Mode] - Microsoft Excel

- =X

y Home | Insert | Page L: | Formul | Data | Review | View | Develo | ASAPUl':@ - 7 X

* Generated “Result” spread sheet includes operator information, file information, echo

characteristics, and snapshots of all the signal graphs

oGL
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H9- o FEs &S 1 == = calibri M ]
IR O
A B C D E F G H i
1 ERL(E) ¥S Delay(ms)
2 . 3
3 20 . : : . . .
O indicates Echio
a4
5 40 T
6
7
&0
T
o =
10 a0
11
12
= 400
14
15 420
16
17
18 -140
19 1 1 1 1 1 1 1 1 1
5 0 005 01 018 02 025 03 03F 04 045 05
71
4 4 r M| ERL_VS Delay . Error_Filtercoeff In
Ready | 23 u@@l
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EMU Client

* EMU Client automatically initiates the Echo

measurements on arrival of degraded voice files

* It remotely connects to Central Database and sends
the EMU results, which is then observed in VQT

WebViewer™

oGL

Communications

@D GL Echo Measurement Utility{T™) Client ;lglﬂ
Ahout
CenralDEIP: [1521681112 E
Timestamp | Eventz

04/12/2011 15....  Load Refemce Files from EMU Client.ini

04242011 15, RO1=C:A\Program FilestGL Communications InchGL Echo Meas
04242011 15, RO2=C:A\Program FilestGL Communications InchGL Echo Meas
04242011 15, R03=C:A\Program FilestGL Communications [nchGL Echo Meas
04242011 15, R04=C:A\Program FilestGL Communications InchGL Echo Meas—
04242011 15, R05=C:%Program FilestGL Communications InchGL Echo Meas
04242011 15, ROG=C:%Program FilestGL Communications InchGL Echo Meas
042/2011 15, ROTT1_femZ_20110302143237_|_F<0TOR<0_F2_201102316
041242011 15, Reference_file=C:\Program Files\GL Communications Inc\GL Ec
IZlﬂi."12f2D11 15 ERL=-3-12-13-26; Delayp=0.375 3250 11. EfE 29875 w7
4 3

EMU Fesult Count: 4 Clear Events |

Source Folder: Ies\GI Communizations InchGL Echo Measurement Utlik'degraded ﬁ"rl

— File Options

File Type: | pcm b
% futo-delete the degraded file after measuremenk
| S ave degraded|files ta the inventon direstony after measurement

" 5 ave failed degraded files ta the inventory directany aften measurement

Irventary Folder | ﬁ’.l

Cosm sor_|
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EMU with GL Tools

* The EMU requires only two files to function — the 'sent’ file and simultaneously recorded
‘received’ file. Any tool that achieves this can be used with EMU. GL offers various emulation

and capture tools that are compatible with the EMU:

» For VoIP: VQuad™ or RTP Toolbox™

» For Mobile Phones: VQuad™ with Dual UTA

» For TDM: VQuad™ with GL's tProbe™ T1 E1 Analyzer
» For 2-Wire: VQuad™ with Dual UTA

» For 4-Wire: VQuad™ with Dual UTA

o GL
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EMU with VQuad™ and Dual UTA

* VQuad™ software along with the Dual UTA

(2wire/4wire)

Echo Path N

hardware supports transmitting and receiving P

files across the following interfaces: RJ11 2-

wire analog, 3.5 mm jack for mobile headset

EMU with VQuad™ software

(2wire/4wire)

connection, Handset phones and balanced

I/O for VoIP soft phones

oGL

Communications
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EMU with GL’s Intrusive RTPToolbox™ Tool

Computer 1 Computer 2

=~
:f‘

Play File P

<€

L - ===
— -

{ \ -

!

Record to File N, -
Ethernet Mic :
Interfface Sy 000 = e = = = = = -
RTP Toolbox™ / RTP Toolbox™ /
VQuad™ with VoIP options VQuad™ with VolIP options

* GL’'s RTP Toolbox™ or VQuad™ with VoIP option can be used with EMU to assess line or acoustic echo

oGL
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EMU with GL's Intrusive T1E1 Analyzers

* GL's T1 E1 Analysis application
(requires hardware) is used with
EMU to detect possible echoes
through a T1 E1 channel

Echo Path

T1 E1 WCS Scripting

 Through T1 E1 WCS scripting or or VQuad™ with T1 E1
VQuad™ with T1 E1 option it is
possible to automate the entire
testing process including sending
and receiving files

* The intrusive files and the
received files are fed as input to
EMU for further analysis

oGL
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Testing Scenarios

Two wire — Two wire Setup

Two wire — Mobile Setup

Two wire (direct to gateway) to VolP Phone Setup

Two wire (through Class 5 T1 E1 Switch) to VOIP phone setup

Two wire (through Class 5 T1 E1 Switch) to VQuad™ software (Ethernet Interface) Setup
Two wire (direct to gateway) to VQuad™ software (Ethernet Interface) Setup

Mobile phone to Mobile phone Setup

Mobile phone to VolP phone Setup

VQuad™ (Ethernet Interface) to IP PBX to two-wire Setup

VolIP phone to IP PBX to Two-wire Setup

Acoustic Echo Mode
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