Voice Quality Testing

(POLQA v3, POLQA v2.4, PESQ)
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Opinion Scale for Speech Quality Tests

Grade Impairment Quality of Speech

Fundamentals of Perceptual Modeling

5 Excellent Imperceptible

4 Good Perceptible but not annoying
3 Fair Slightly annoying

2 Poor Annoying

1 Bad Very annoying

The common idea behind perceptual quality measures is to mimic the situation of a subjective test, where
human beings would have to score the quality of sound samples in a listening laboratory environment

Requires large number of subjects, very costly and time consuming; analysis based on human perception
not accurate or repeatable
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PESQ - Perceptual Evaluation of Speech Quality

Voice Quality Algorithm based on ITU-P.862

« PESQ (introduced in 2001) incorporates many new developments that distinguish this algorithm
* Level alignment
» Input filtering
» Auditory transform
» Time alignment
» PESQ LQ —closer to the Listening Quality subjective opinion scale — customer’s perception of quality
» PESQ LQO (P.862.1) — Listening Quality Objective, correlating better to subjective test results

« PESQ WB (P.862.2) — support for WB codecs. However, PESQ had limitations with WB VolIP codecs

where it was scoring too low
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GL’s PESQ Analysis

Measurement Results T Manual Measurement T ﬁ“ﬂl'l's_ﬁ T Rating Criteria

™ Jitter | Utterance 1 | Utterance 2 | Utterance 3 | Utterance 4 | Utterance 5 |
PESQ 4.5 4.5 4.5 4.5 4.5

" Clipping PESQ LO 4.5 4.5 4.5 4.5 4.5
PESQ LQO 4.55 4.55 4.55 4.55 4.55

i Level PESQ WE A A A A A

{+ PESQ/Utterance

" Delay/Utterance

Report |
graphical; off | degraded: raw |reference: raw |Excellent: 7 Good: 0 Fair: 0 Poor: O | Total Measurements: 7
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POLQA
Perceptual Objective Listening Quality Assessment

(POLQA v3, POLQA v2.4)
Voice Quality Algorithm based on ITU-P.863

POLQA (introduced in 2011) produces very similar scores as PESQ for NB codecs (uses similar mathematical
techniques). However, POLQA was mainly introduced for SWB (and WB) support.

Operations Performed by POLQA

Temporal alignment
Sample rate estimation
Resample

Level alignment

Frequency response and time alignment

Results Provided by POLQA

MOS-LQO

G.107 R-Factor / E-Model

Attenuation

Level and Background Noise Measurements
Signal to Noise Ratio (SNR)

Active Speech Ratio (ASR)



POLQA Algorithm

POLQA is an objective model of subjective Listening Only Tests

VQT POLQA supports analysis of 16-bit uncompressed PCM and WAV files, including NB (8000 sampling),
WB (16000 sampling), SWB (48000 sampling)

Revised Psycho-Acoustic and Cognitive Model

Supports:

EVRC type codecs

Noise Reduction

Time-warping

VolP

Non-optimal presentation levels
Filtering and spectral shaping
Recordings made at an ear simulator
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POLQA v3 Algorithm

« POLQA v3 Upgrade Enhancements
* POLQA v3 Super Wideband (SWB) supports 14kHz to full audio bandwidth up to 24kHz.

* Full band analysis improves accuracy in assessment of codecs such as EVS, OPUS, AAC and LC3, as these

codecs are used in many OTT applications

» With Full band support the discriminative power of POLQA at the upper high-quality range of the MOS scale is

increased

* Current OTT voice services using VOLTE/5G include highly dynamic delay jitter which leads to variations of the

duration of very short pauses during speech. POLQA v3 handles these variations with increased precision

+ POLQA v3 reacts with less sensitivity to linear frequency distortions than POLQA v2.4. This makes measurements

less dependent on the frequency characteristics of headsets

» Perceptual model of POLQA v3 is significantly improved and streamlined
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GL’'s POLQA Analysis

*¢ GL Communications Inc Voice Quality Test - PAMS (ITU P.800), PSQM/PSQM+ (ITU P.861), PESQ (ITU P.2862), POLQ...  — %

File View ACU [TS Help

G‘.| -I- @ - @ | -: ' | 0 0 ‘ ISDEErh Quality Measurements

=l

PESO Nomal(PBE2.1): ON

Metrics [Scores  pamMs " psgM  PESO 7 POLQAV3  Connected Metrics | Max | Min__ | A~
POLOAVA 297 POLQAV3 4.5 104 2
EMODEL 57.54 P.863:2.97 EMODEL 100  10.33 58
PESQ NfA PESQ M/A N/A M/
PESQ LQ MfA PESQLQ Nja NfA M
PESQLQO  N/A " PESQLQO N/A  N/A N/
PESQ WE WA s PESQWB NA  NA  Nf
PESQ IE NiA 2 PESQIE  N/A  NA N/
i
PAMS LE MfA PAMSLE  NjA NfA M/
PAMS LQ MfA PAMSLQ M/A N/A N/
@ 10 20 30 40 50 80 7O A0 @0 100 M0 120 130
e Mne (o1} ¥ PSQMM... N/A  NfA N/
> < >
Rati
2ng Fair § ~Rating Count
B S
z Excellent 300
[User IDFe:'male B Good 1178
Fair 2996
Speech Level Gain (dB) @0 10 20 a0 40 S0 &0 70 B0 40 100 110 120 130 | pggr 5
-2.86 e
o Disregard 0
—c o B
Noise Level Gain (d5) Deg. File = C:\WQT_Degradedg\fem 1Polga_20240207143416_MN12955'48". Q))
12.54 Ref. File = C:\WQT_Reference\VQuad_Auto\POLQANBfem IPOLQA.pcm q:)) — _
T Manual Measurement T Analysis T Rating Criteria
VQT Timestamp | PoLgavz | Emodel | PESQ | PEso Lo [ Pesg oo [ PEsg we [ PaMs L A
2024/02/07 2:30:00 PM 4.5 100 N/A N/A NAA N/A N/A
2024/02/07 2:30:19 PM  3.54 68.72 N/A N/A N/A N/A N/A
2024/02/07 2:30:38 PM  4.44 94.67 N/A N/A N/A N/A N/A
2024/02/07 2:30:58 PM  2.96 57.3 N/A N/A N/A N/A N/A
2024/02/07 2:31:116 PM 4.5 100 N/A N/A N/A N/A N/A
2024/02/07 2:31:35 PM  3.44 66.77 N/A N/A N/A N/A N/A
2024/02/07 2:32:55 PM  4.44 94.77 N/A N/A N/A N/A N/A
2024/02/07 2:33:14 PM  2.91 56.27 N/A N/A N/A N/A N/A
2024/02/07 2:33:132 PM 4.5 100 N/A N/A N/A N/A N/A
2024/02/07 2:33:52 PM  3.49 67.81 N/A N/A N/A N/A N/A
2024/02/07 2:34:11 PM  4.48 98.26 N/A N/A N/A N/A N/A
2024,/02/07 2:34:30 PM  2.97 57.54 N/A N/A N/A N/A N/A
< >

[~ Capture Events to File I

graphical: on | degraded: raw

|reference: raw  |Excellent: 300 Good: 1178 Fair: 2946 Poor: 5§

| Total Measurements: 4430




POLQA Testing

HATS

5G, 4G, LTE, 3G, Wi-Fi
Mobile Network

Analog l ) i‘:i‘ -
Phones . m 4{?} 8
- & l;)
- S LAN

vaQr

Analysis POLQA
PESQ
PAMS
PSQM
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POLQA WB and SWB

1 Full band

Gain p Super Wideband .
: Wideband !

_ Narrowband

-
F
L 4

0dB|
AdE |-

20 50 300 3400 7000 14000 20000
Frequency/Hz

» Support for WB (7kHz) and SWB (14kHz) codecs/networks
» Support for networks delivering HD-quality voice services including VolP and Mobile
« Supports networks with variable delay and time scaling
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Generate POLQA Score

 voIP

T - > ~ ——

- —w. | ~=< 7
f e ~ Analog, TDM
. (Bluetooth®, wii, ~
" 3G,4G,ITE 5G),PTT ~  (2-Wire, 4-wire)
- B _ Al T .

Send Voice —

. Record Voice

8

VQuad™ Probe
vMobile™ l

|
o—

Re.ferer.lce POLQA
Voice Files

Degraded
Voice Files

AutovQr™ |
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AutoVQT™

» Thousands of voice files analyzed in mere minutes

* Supports Command Line Interface (CLI) for
Windows® and Linux

* Any application that can send POLQA Reference
audio and record it to PCM or WAV is acceptable

* Supports ITU Standards (POLQA v2.4)
* Detailed Results / Statistics
» POLQA MOS
E-Model R-Factor
Signal Level
Noise Level
Delay
Jitter
Clipping
Criteria Rating System

YV V V V V V V
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g VolP

Wireless " Analog, TDM
(Bluetooth®, Wi-fi, / :

. 3G,4G,ITE, 5G), PTT (2-Wire,4-Wire) '

Supports NB, WB, SWB

vMobile™ VQuad™ Probe HD

POLQA (v2.4)

Voice Files Voice Files

A

AutovQT™

WebViewer™
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Centralized Voice Quality Testing

VoiP
Wireless . Analog, TDM
~ (Bluetooth®, Wi-fi,

g 3G, 4G, LTE, 5G), PTT (2-Wire, 4-Wifg)

Supports NB, WB, SWB

vMobile™

VQuad™ Probe HD

POLQA (v2.4, v3)
PESQ

Voice Files Voice Files

Central Location
° Databay

=

WebViewer™
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GL Supported Gonnections

(Bluetooth®, wiFi, &

Dual UTA HD 3G, 46, 56,
LTE, Ethernet)
tProbe™ T1 E1
Analyzer
PTT
Military Radios
Balanced 1/O

HATS (Head and Torso)

SIP/RTP

VolP

= e :
- PSTN/TDM
VQuad™ Probe HD 2-Wire FXO/FXS ' 3

Analog & Digital
Phones

vMobile™
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POLQA Test Results

VoIP Network (NB and WB)

Polycom VolP through G.722 Network

Polycom Tx/Rx WB Files

Fem Outbound
Fem Inbound

Male
Outbound

Male Inbound

4.59
4.51
4.15

4.07

GL
Network

Polycom VolP through NB (Skype) Network

Polycom Tx/Rx WB Files
Fem Outbound 3.84

Fem Inbound 3.74
Male Outbound 3.58
Male Inbound 3.55
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POLQA Test Results (Contd.)

VOLTE (NB and WB)

VoLTE
Network

Samsung4 to Samsung4 through AMR-WB Network

oaL
Communications

Samsung4 to Samsung4
Fem Outbound 3.46

Fem Inbound 3.58
Male 4.2
Outbound

Male Inbound 4.19

Samsung4 to Samsung4 through AMR Network

Samsung4 to Samsung4

Fem Outbound 2.27

Fem Inbound 1.96
Male Outbound 3.08
Male Inbound 2.69
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GL VQT Highlights

Supports ITU Standards (POLQA v2.4 / POLQA V3.0, PESQ LQ/ LQO / WB)
Auto-Measurement Capabilities

Detailed Results / Statistics

Delay Measurement

Noise/Signal Levels (Activity, Peak, etc.)

Jitter (Min, Max, Average per Utterance)

Clipping (front, back, all) (PESQ Only)

PESQ/Delay per utterance

YV V V VYV V V

Impairment Factor (le) measurement (PESQ only)
Criteria Rating System

Remote Access Capabilities



GL VQT Software

% 6L Communications Inc Yoice Quality Test - PAMS @TU P.800), PSQM/PSOM+ (ITU P.861), PESQ (ITU P.862), POLQA (IT... | = | = |[wEam|
File Wiew ACU Help

GL = @ N @} = i o o Spesch Quality Measuements - PESO MormallPE62 1) ON
Metrics | Scores " pams  psgM ¥ " poLQA Connecting IMetrics ‘ Mz ‘ Min | A, |
Egt)%-‘a gézés POLQA 418 102 356
o P8621-2.7 EMODEL 8444 871 693
PESQ) 29 Refersnce Surface PESQ 35 0 2,96
PESQLQ 2.59 PESQLD 351 0 2.82
PESQLOO 2.68 PESQLOO 356 0 2.4
FESC WE MfA FESQWE 0 Nia NiA
EESCHE Hitoe .00 050 160 .40 3.20 4.00 PESQIE 1394 0 41.09
FAMS LE 3.9 Degraded Surface PAMSLE 427 133 361
PAMS LQ 3.43 PAMS LD  3.83 1 317
PSQMMOS  3.53 el s Boniss LSS GSSE | (psomm.. 3.82 L 3.46
PSOM+ MOS 349 000 080 160 2.40 .20 4.00 PSOM+ ... 3.81 1 3.36
(R Erons it ace Rating Count
Good s
Excellent: 35
User ID Good 111
080 160 - i
Speech Level Gain {dbv) Poar 4
393 Diregard | ©
Deq. File = C:\WQT_Degradedilifem]_201303040353927_00000000000_0C R
Moise Lewvel Gain (dbw) B AR LR e el N - - J
-1.75 Ref. File = C:\WwOT_ReferencelvQuad_autolRawifernl . pem J Reset Statistics | --= File
Measurement Results T Manual Measurement T Analysis T Rating Critetia
QT Timescamp | FoLga | Emodel | FESQ | PEsq Lo | PEsg Loo [ PeEsg we [ Pems LE -
2013,/06/07 12:2... 4.07 51.28 3.48 3.47 3.53 [ 4.06
2013,/06,/07 3,92 77,032 3.38 3.2 3.36 N 1.77
2013,/06,/07 3.87 76.2 3.24 3.11 3.18 N5 3.88
2013,/06,07 2.88 EE.41 2.76 2.37 2.48 N 3.39
2013,/06,/07 3,62 70,8 3.13 2.94 3.01 N 3.82
2013,/06,/07 4,08 51,83 3.35 3.27 3.24 N 4.14
2013,/06,/07 1.47 26.55 z.07 1.39 1.69 N 1.33
2013,/06,07 3.91 77.08 3.27 3.18 3.22 NS 4.08
2013,/06,/07 3.98 76,81 3.21 3.07 3.14 N 3.79
2013,/06,/07 3.62 7042 .78 2.3 z.47 [ I.52
2013,/06,/07 3,93 7766 3.16 2.99 3.06 N/ 4.03 1
2013,/06,/07 3.51 66,13 3.13 2.95 3.02 N5 3.77 —
2013/06/07 12:2... 3.21 62,06 2.9 2.59 2.68 N 3.9 b
4 | 1 G
[ Capture Everts ko File Browse System Reset
raphical: always | degraded: raw reference: raw Excellent: 35 Good: 111 Fair: 1 Poor: 4 Total Measurements: 191
grapl 1y g
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Auto Measurement

Automatically analyze the degraded files using GL VQT Software

Degraded
Files l

Degraded Directory
(Network Drive)

10/100

VQT Software w/ Auto
Measurement enabled

Results

MS Access
/ Oracle

Control, Analysis,
SmartPhone Data Retrieval
- 1 cenmmaisvstem
Web Viewer o = “/& : WEbthu
-

ke

Web Viewer Web Viewer

» Detailed results including Jitter (min / max / avg), Clipping (front/back/all), Latency, and Noise / Signal
Measurements (activity / peak)
* VQT uses the File Monitor to perform automated measurements on remote locations
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Auto Measurement

File Help

Degraded Directory | Reference File | Type | Option | Inventory | UserID | Counts |
@ C:\VQT_degraded\1 C:AVQT_Reference\VQuad_Auto\Raw\feml.p.. Raw.. AutoDel fem1
@ C:\VQT_degraded\2 C:AVQT_Reference\VQuad_Auto\Raw\fem2.p... Raw.. AutoDel fem2
@ C:\VOT_degraded\3 CAVQT_Reference\VQuad_Auto\Raw\fem3.p... Raw.. AutoDel fem3
@ C:\VQT_degraded\d C:A\VQT_Reference\VQuad_Auto\Raw\malel.... Raw.. AutoDel mall
@ C:\VQT_degraded\5 CAVQT_Reference’VQuad_suto\Raw\male2.... Raw.. AutoDel mal2
@ CA\VOT_degraded\s C:AVOT_Reference’VQuad_suto\Raw\male3.... Raw.. AutoDel mal3
~ Options
I— Prohibit Graphic Redraw
Degraded Directory [C:\VQT_degtaded’ﬂ g] UserID  |femi r [save processor power)
Feference Fle ™ [CAVQT_ReferenceWOuad_Auto\Raw\fem | (| [ Pesa-poos e pesaony ¢ poosony |
r pesqws - PoLoasws [
' Auto-delete the degraded file after measurement - POLGA Only
" Save degraded files to the inventory directory after measurement [~ Enable Level Alignment [~ Hign Accuracy Mode  ITU Version |2 vl
Inventory Directory™ [ L:{ _ File Format
( E et Fis Encodng[RawPCM  v|  Samples Per Second fo000 ]
I~ Excelent I~ Good ™ Fair I~ Poor Byte Order Bits Per §
(for 16 bit e only} ->M>Untel = pefts [}
~ Quick Modify Configurations
Start: |1 End: |1 Quick Help | Save Changes l
Note * Use "2 in reference fields to hold the Number
Quick Modify | Quick Default l Cancel I
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VQT Command Line Interface

B Administrator CHWindowstsystem32omd.exe - wgtcli 192,168.1,168 = | = @
0 0 P E D 6HE s
98 15 050 1
[0 Poo
P10 1 0 ]
3 1 1 ¥ g i H 5
0 0 : g .0 =
¥ A g 6B 3
’ OnNne
e 1
’ BNNE
] ONNE
e 1
H E ] H o R ) e 1 G G
4697 P o P'o H 0§ [ 715
ugQ
H M 76
AMS LG 70
P50 A . AA
iﬂ' A . A0
() ]
PES
PESH LOO
P ¥ H 15
POLG 4
- AR _ B8

GL
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POLQA Test Results in WebViewer™

(E‘} GL Webviewer vinsiu e £ =g GED

Note : For the best experience, press Cirl + F5 after installation / new version updates to refresh the screen.

Call Events Status B Statistics v Load Filters: B3y Al OFF Live Updates: OFF

VQT-POLQA Results between 08/16/2023 05:21:17 and 02/16/2024 03:21:17 (Last & Months)

Date & Time 10 Minusss 1 Howr 12 Howrs 24 Hours Today Yesterday 7Days 1 Monch 6 Monshs

Timestamp Type Ouzd | vMotis Timestamp ™

Event ID Filter  Comzine e

Actions ¥ Records Per Page: | 200 w

Longitude Degraded Rating POLQAVE POLQA EModel Speech  Noise SNR-Rel SNR-  Active
Filename MOS MOS  (R-factor) Level Level (dB) Deg(dB) Speech
Gain [dB) Gain (dB) Level - Ratio -
Ref (dBm) Ref (%)
02/16/202402/16/2024GLRobFaxV QTTestRobFX02 M35208'37" 35.14 -77.22  femiPOLQESExcellent @11 B2.32 -14.82  |-13.7 -24,28 [-39.11 |-62.79 |-76.42 |3B.51 37.37 57 -
03:18:38 |05:15:41 wo77e12'57"
02/16/202402/16/2024GLRobFaxV QTTestRobFX01 M35208'37" 35.14 -77.22  femiPOLQESExcellent 4,29 B8.13 -12,58 |-12.67 |-24.28 |-36.B6 [-62.7% [-75.4& [3B.51 38.6 57
03:18:25 |05:15:41 wo77e12'57"
02/16/202402/16/2024GLRobFaxV QTTestRobFX02 M35208'37" 35.14 -77.22  femiPOLQESExcellent 4,18 B4.4 -14.83 |-13.42 |-24.28 |-39.12 [-62.7% [-76.21 [3B.51 37.02 57
03:18:10 |05:15:41 wo77e12'57"

02/16/202:02/16/202<GLRobFaxV QTTestRobFx01 MN39908'37" 3%.14  -77.22  femlPOLQEExcellent 4,21 85.43 -12.58 -12.67 |-24.28 -36.86 -6E.7% |-75.46 38.51 38.8 57
05:17:57 |05:15:41 wo77e12'57"
02/16/202:02/16/202<GLRobFaxy QTTestRobFX02 MN39908'37" 3%.14  -77.22  femlPOLQEExcellent 433 89,77  -14.84 -13.55 |-24.28 -39.12 -6E.7% -76.34 38.51 37.22 |57
05:14:45 05:11:52 Wo77012'56"
02/16/202:02/16/202<GLRobFaxV QTTestRobFx01 MN39908'38" 3%.14  -77.22  femlPOLQEExcellent (4,42 93.98 -12.5% -12.3 -24.28 -36.87 -62.7% |-75.08 (38.51 38.21 57
05:14:32 |05:11:53 Wwo77012'56"
02/16/202:02/16/202<GLRobFaxy QTTestRobFX02 MN39908'38" 3%.14  -77.22  femlPOLQEExcellent 4,15 83.88 -14.85 [-13.35 |-24.28 |-39.13 -62.7% |-76.17 [3B8.51 37.04 57
05:14:16 05:11:53 Wwo77012'56"
02/16/202:02/16/202<GLRobFaxV QTTestRobFx01 MN39908'37" 3%.14  -77.22  femlPOLQEExcellent 4,24 86.28 -12.58 -12.42 |-24.28 -36.86 -6E.7% -75.21 38.51 38.35 |57
05:14:04 05:11:53 Wwo77012'56"
02/16/202:02/16/202<GLRobFaxy QTTestRobFX02 MN39908'37" 3%.14  -77.22  femlPOLQEExcellent 433 89.68 -14.83 14,01 |-24.28 [-39.11 -62.7% |-76.8 38.51 37.65 |57
05:10:57 |05:08:06 wo77e12'57"
02/16/202:02/16/202<GLRobFaxV QTTestRobFx01 MN39908'37" 3%.14  -77.22  femlPOLQEExcellent 4,23 86.07 12,59 |-12.7% |-24.28 |-36.87 -62.7% |-75.58 [3B8.51 38.71 57
05:10:44 05:08:06 wo77e12'57"
02/16/202:02/16/202<GLRobFaxy QTTestRobFX02 MN39908'37" 3%.14 7722 fem1POLQAGood 3.78 73.45  -14.82  -13.3% -24.28 3901 -62.7%9 -76.78 |38.51 37.68 |57
05:10:28 |05:08:06 wo77e12'57"
02/16/202:02/16/202<GLRobFaxV QTTestRobFx01 MN39908'37" 3%.14  -77.22  femlPOLQEExcellent 4,29 87.96 -12.61 [-12.,93 |-24.28 |-36.8%9 -62.7% |-75.73 [38.51 38.84 57

05:10:16 |05:08:06 wo77e12'57"
02/16/202:02/16/202<GLRobFaxy QTTestRobFX02 MN39908'37" 3%.14  -77.22  femlPOLQEExcellent 4,31 83,02  -14.84 -13.44 -24.28  -39.12 -6E7% -76.24 38.51 37.12 |57
05:07:10 |05:04:09 wo77e12'57"
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Analysis Graphics between 02/16/2024 0:258:30 and 02/16/2024 05:25:30 (Last Hour)

Date & Time S e i e R e T Al DR e
Timestamp Type Quad / vMotds Timestamp ™

Event ID Filter  Comaine -

Actions v
VGQT RESULTS AUDIC DELAY ANALYSIS
[ FESQ [ PESQLC [ FOLQA MOS [ RTD ] owp [ FOD SNR

1400

B @ B & wx B ® g ¥ & - o & 1200

1000

- 800
25

600

400

e ) o a 8 °

R 200
0.5

o o

FAX EVENTS

- & = - . - - - -
g N K d 5

cEND S

FAILURE

- =

=

s

I
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(oogle Map Plotting

Display Options - = 2 Clarksville Colurmbia B‘\).rsmess i
s R istrict e leights
Use Predefined Config @oN OOFF E; Map Satellite G2 Elkridge - anover NBF
i i o D ZaN Brookevill Q Ferndal
Define results to display ) D) e o Montgomery OOKOVIIS) Highland A TSy @) nda er
> 4 Village ‘ Guilford P Baltimore/ ¥
VMobile_DriveTest_Oct2722 v 5 @ @@ @ ) @se) @D IV‘;'“””(TQ“"“' Glen BY
28 A Olney b nternational
o & hiira Redland. 4 Fulton Savage Jessup Thurgood.
Draw route line by Default > X North Laurel @ Severn
lawsonville RESU‘&T X
ol = ket VQuad Timestamp 2 s Annapolis q 70
& @) THRESHOLD M oc) Junction @ @
= Sloverly (57
Darnestown VQuad Device ID . (57}
Draw line as o vQuad Call ID (1%8) Caurel Fort Meade
PARAMETERS
Direct Path e Seneca Odenton
Latitude 551
s lsland Longitude ) KB acc)y South Larel Gambrills
Refine your search -p%Ne% 5 T LOCATION Ush | & Calverton Milleraville,
%,
= T P it ok 4
N
[[] Threshold Settings '90 ey Fi’aluxem ©) d
Y, © Potomac eseaich
[ Veuad Call D 2/ Refuge
; 5\ : Bowi
[ VQuad Devcie ID Great Chety Chase & @ adelphi & = Crofton
[ Call Events 628 @ Falls'Park i Silver Spring College Park %3 e
QD] ) Takoma Park
WGeh°[9§ Friendship D ey m &) ©) &
R t ashington iverdale Pa S
~ BEsilits P @ Memorial Viigge 0% Hyattsville, (@) Fairwood
Parkway dy 2 — -
O-Yeneese ® Wolf Trap 2, NORTHWEST N | DWW
Metean ; WASHING TON 5% Mitchellville
D VQT POLQA z (674) K %
GED) il Uy Greater
[ VQuad Call Events (@) % 3 (52} C‘o("’o Landover Woodmore Davidson
5 : 9
[] Audio and Delay Analysis ) @2 vienna A ‘p/o %) 4707 &3
0O e i @5 2 %
CAPITOL HiLL (295 Capitol
D UDP &) Oakton @ = Falls Church Arlington — Heights B0
0 vor = Seven Corners Al
&9 Bailey's
D ROUTE Fairfax 613 Cmssmyads
Brock Hall
D Lty George Mason
FTP @9
O N
[J ons . rf@ Park West " (gz0) Queenland Marlboro:
airfax Station i
0 svs & B i Joint Base
springfield (&) i Andrews
[ EMALL o Eranconia Belle Haven NATIoNAL ®
es! £
ess GB )
[ Phone Info (@) Springfield @ GB) @ (GD)] 4l Rosaryville  Marlten
D SIM 13
0 e South Run Hybla Valley Friendly Croom
(&) Newington
O EMU Crosspointe Mt Vernon | Fort Hunt Cheltenham
e o< G 7 RN i oo Dunkirk
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