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Freeway and Roadwa Contions




Incidents Related to Freeway Conditions




Freeway Conditions or Incidents can make it feel like....

hock / behance network Creative Commons BY-NC-ND-3.0 license
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n 17 years experience in Data and Video transport in Tactical,
Enterprise, and ITS environments

n Spent three years in high school programming in Cobol, Fortran,
Corba, C, etc, and Micro VAX Il Admin in (1987 — 1990 - Carl
Hayden HS Center for Computer Studies)

» Worked as Server Administrator (6+ years)

n Worked as Network Administrator (6+ years)

n Worked as HF, UHF, Satellite & FM radio technician (6+ years)
n Worked as Information Security Analyst (6+ years)

n Worked as Instructor for Fiber Master Journeyman Training
Courses

http://www.linkedin.com/pub/israel-anthony-lopez/b/210/477
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§ Bit Rate: 128 Kbps to 1 Mbps
§ Voice Channels: 8 Kbps, 16 Kbps, 32 Kbps and 64 Kbps

Packet Switch Connections: 2 IEEE 802.3 LANS, 5 x.25
HOSTS

Channels Used:

--(V)1: 10 Voice; 1 Packet SW; 1 Overhead; 4 Unused; 16
Total — 128 Kbps

--(V)2: 10 Voice; 1 Packet SW; 1 Overhead; 4 Unused; 16
Total — 128 Kbps
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n X.251s an ITU-T standard protocol suite for packet
switched wide area network (WAN) communication.

n An X.25 WAN consists of packet-switching exchange
(PSE) nodes as the networking hardware, and leased
lines, plain old telephone service connections or ISDN
connections as physical links.

n X.251s a family of protocols that was popular during the
1980s with telecommunications companies and in financial
transaction systems such as automated teller machines
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AXis Releases 1st Network Camera: http://www.axis.com/corporate/about/history.htm
Smart Sight Manual: http://goo.qgl/VReru

Air Force Report on EnerDyne LNX7000: http://goo.gl/KmdTa

NEUSUHYAEIVITORITERNNRZ002

n AXIS released the first network camera in 1996. This
marks the first use of IP cameras in the industry

Enerdyne developed a MJPEG video encoder in 2000.
The device was built for high latency applications and
was used for Air Force Unmanned Aerial Vehicles
(UAV)

Smart Sight released their wireless IP video system in
2000.
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n The V2W [ V2P concept had a very humble
beginning

n The original test project was deployed for City of
Phoenix. This was funded solely by the City

n The original project with the current functionality
was deployed for MCDOT and ADOT (MJPEG
Version) under a RFP

~n The second deployment was in Reno and Elko
(WMV [ H.263 / H.264)
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 The third deployment was in Las Vegas (WMV /
H.263 / H.264)

n A future improvement will transcode all V2P feeds to
H.264 to support mobile applications

n The system can scale from any size to any size
without a forklift upgrade

n The cost revolves around a one-time license fee, a
software assurance fee, and the cost of integration
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» Elko — 8 cameras, 16 camera feeds distributed
n 8 camera feeds to V2P and 8 camera feeds to V2W
n Consists of 200+ Linear Miles of Wireless Backhaul

n Multicast over 4.9 GHz
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n Latency <25 ms (Hot Springs -> HQs -> COLO ->
D3 TMC -> D3 Field = 313 Miles. Wireless -> Fiber
-> Wireless. — Lamoille Camera)

n Teleste and CoreTec Encoders: MPEG4 part 2
(H.263), 30 frames-per-second (FPS), & 4 Mbps
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» 30 cameras distributed to the Public, 40+ cameras
actual (the remaining 10 cameras are 3G/4G
cameras)

n 30 camera feeds to V2P and 30 camera feeds to V2W

4

» Multicast over fiber, multicast over 4.9 GHz, and
Unicast over 3G/4G
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n Fiber Latency <4 ms: (Hot Springs -> HQs ->
COLO -> D2 TMC - > Field = 35 Miles. Wireless to
Fiber - 1580 & Plumb Camera)

n Teleste and CoreTec Encoders 6401 (Fiber/Wireless):
MPEG4 part 2 (H.263), 30 FPS, & 4 Mbps

n CoreTec Encoder 7401 & Axis (3G / 4G). MPEG4
part 10 (H.264), CIF, 30 FPS, & 200 Kbps (57
locations + 123 count stations)
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n Average Latency for 3G / 4G depends on device &
location. Usual is around 200 to 300 milliseconds

n Most of the cameras where installed using 4.9 GHz
wireless until the fiber was in place

n Average latency for the wireless cameras was 25
milliseconds

»n NO wireless cameras are installed at this time

n There is plan to convert most of the 3G/4G locations
to licensed wireless (3.5 GHZ / 3.65 GHZ)
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n 230 camera feeds for distribution to the public, 500+ cameras
actual

230 camera feeds to V2P and 230 camera feeds to V2W

Multicast over fiber, multicast over WIMAX, and other
transport means

Teleste, Cornet, and CoreTec Encoders (Fiber/Wireless):
MPEG4 part 2, 4CIF, 30 frames-per-second (FPS), & 4 Mbps

' Axis Encoders (Fiber/Wireless): MPEG4 part 10, 4CIF, 30
\ frames-per-second (FPS), & 2.5 Mbps j
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Access (freeway and arterial) - Few alternate
iInbound/outbound routes
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The Fans

At the Event
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Event Parking Days Before the Main Event

__People often camp at the state park === :.'-_ RV Parking a few days |
PIR = 400 Acres '

prior to the race
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n 2001 — Wireless Camera Backhaul

n 2002 — Microcell based user wireless network with
unigue SSID per cell and fixed CDMA user access

n 2003 — Single SSID for user wireless network and
mobile CDMA access

n 2004 / 2005 — Permanent installation of all MC85
cameras and installation of T1 routers and encoders

. n 2005 - Second race added to PIR (Nov / Mar)




2 RYIECHNOICYYAINITIENSNE

» Management of event moved from Command Tower to
TMC

n 2006 — Bell Road Fiber Optic Project

n Video Multicast
n Wireless 5.8 & 4.9 GHz extensions over T1s

n 2007 — Core Switch & Core Router Install
n 2008 — V2W RFI / V2W RFP
n 2009 — V2W Installation
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This document is the same as the previous document but shows the
interfaces connected through the system in more detail
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n The cameras where installed and operational twice a year,
every year for two weeks from 2001 to 2005

Traffic was managed out of the Command Tower until 2005

To backhaul the video feeds we used the Smart Sight
S1000 with settings configured at 800 kbps, MPEG4, and
30 FPS over a 1 Mbps link. NTSC in/out device

Each paired units used 2.4 GHz Direct-Sequence Spread
Spectrum (DSSS) with a built-in MPEG4 encoder or
decoder
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§ The Enerdyne LNX7000 encoder was used to re-encode
the video feeds to MJPEG streams for distribution to the
Internet

The User received a quaded still image video feed and the
user could click into one of the quads for streaming video

The Enerdyne streamed the selected video feed to the user

CDMA users received a MJPEG stream at 3 to 15 Frames-
per-Second.
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»~ CDMA 2000 had a max capacity of 115 Kbps

n TMC users received full motion video (Full T1) at the
MCDOT TMC

n The only caveat is that the “user’s wireless” network
which was 802.11b only worked well until the race
commenced
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HOENIXA RLETIAW O NREACEW Y.
» In 2004, we added the use of the ADDCO Smart Zone

trallers

n In 2005 we converted all the MC-85 cameras to T1s
(DS1s) and the cameras stayed up permanently.

n The User Wireless network covered a majority of the major
roadways into PIR

» Whatever solution we implemented had to be applicable to
rural and urban environments
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HOENIXA RLETIAW O NREACEW Y.

n

We recelved extensive interference from racecar headsets,
spotter headsets, and broadcast interference from the
sports and news stations once the race started. The event
had very little vehicle traffic once cars where actually
racing

We had Verizon install a temporary tower two times a year
for our needs as well as the needs of the public

We got better at setting up the User’s Wireless network

This allowed Users to view the camera on the Wireless
Local Area Network (\WLAN)
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2IRLESSONRS Lealiiied

1. Know the technology better than the manufacturer’s
service representatives by reading the manual cover-to-
cover for all devices. Equipment manuals are free and
are available upon request from the vendor

Keep It Simple, Stupid (KISS) — Wireless SSID

Build It Once. Consider every option to include the most
expensive. Itis better to build out the equipment, site, or
application to support any new functionality for the next
five to seven years than to replace it every time a
change needs to occur. Build it once and you won't
have to worry about it again
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4. Review your design concept with others (But remember
#1)

Your probably not going to have any more time than you
already have. Plan accordingly!

Your probably not going to get any more help than you
already have. See # 5, second sentence

Sometimes you fail! Now, you know what doesn’t work

Do not be afraid to take risks in design & equipment but
refer to #1
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9. Diagram every process, interface, or interaction. This
helps to identify anything that you might have missed

. You can not account for every possible factor but be
prepared as much as you can

. Remember to test your equipment on the bench three
weeks prior to deployment for a minimum of one week
using the field settings. If it is going to break it will break
within the first couple of days.
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» Video Monitoring for Event Management
ncident Management (Fatalities / Accidents)

Regional Video Sharing (Public and Private Strategic
Partners)

Video Sharing with the Public (Live Streaming Video)
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n AZTech Public and Private Partners needed access to
full motion video feeds and have the ability to control
\ CCTV cameras

n There was a demand for use of a web client for Incident
and Event Management personnel in the field using 3G
or other wireless communications

n The application had to be simple to use and the system
should support the current State and County Operating
System of choice (Windows XP / IE8)

Many more requirements but these are the most essential — Original RFP
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UENMYESIYRNCORSHEINLS= 2010
The solution should not require multiple vendors for
distribution of video

The proposed system must have a low intervention and
systems management level

Minimal development should be needed to meet the
requirements

The CCTV camera icons need to be mapped to a web-
based map (autonomously)
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Clirrs eSIYNREYUITEMERLS - 2010

n The system will need to authenticate users against the
State’s Freeway Management System (FMS) known as
Central System Software (CSS) for camera switching,
presets, and camera control

The system would need to query CSS for an inventory of
CCTV cameras

The distributed video streams had to be usable by a third
party

The system had to use Windows Media Video for the Public:
side and H.262, H.263, and H.264 for Strategic partners j
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n The proposed system must be expandable without a
forklift upgrade to a different / improved platform
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i@ 0| FLIR — 360 Surveillance - Camera Cameleon

Strategic Partners (underlying system)

\ n Video to Web (V2W) — Web Client for Public and Private

n Video to Public (V2P) — Public Web Interface

n FLIR did not support Windows Media Video. A Windows
Media Video transcoder was needed for the project

» FLIR had to develop the CSS interface

http://360surveillance.com/







CameraCameleonitoEesSs Interrace

§8 A Video Management Server (VMS) is installed to
manage devices as objects. A user generally enters the
device names, device manufacture information, device
model #, GIS locations, multicast addresses / multicast
port #s, or unicast information into the server

The VMS often integrates with third party applications
and devices

The VMS controls devices, schedules events, and
obtains status on devices. For CCTV cameras, a VMS
provides a viewing platform and allows for PTZ control




Camera Cameleonite eSS Intertace

Authentication, Authorization, and Accounting (AAA)
Integration between ICX and KHA CSS

§ KHA developed a Web Services Description Language
(WSDL) to allow third parties to interface with their CSS
software

§8 FLIR developed a VMS interface that queries the KHA
CSS WSDL web service

~ Users are validated against their permissions in KHA
- CSS prior to being able to select, view, and PTZ each .
\  camera. j
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WERISENVICESIBDESCHPLONEanguage (WSDL )

Semantics are identified. An
apple on application A= an
apple on application B
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WEDISEVICESIDESCHpLoNIEanguage (WSDL)

§ WSDL is an XML-based interface description language
that Is used for describing the functionality offered by a
web service

WSDL provides a machine-readable description of how the
service can be called, what parameters it expects, and
what data structures it returns.

The WSDL describes services as collections of network
endpoints, or ports
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§ WSDL is often used in combination with Simple Object
Access Protocol (SOAP) and an XML Schema to provide
Web services over the Internet

VWERISEMICESHDESCHPUONR LAn

§ SOAP is a simple XML-based protocol to let applications
exchange information over HTTP

§ A message can be sent oneTime, periodic, onChange, or

onRequest




WENISEIVICESHVESCHIPUBIANgUage

Information sent or received (Camera Cameleon)
Camera name query

Camera number query

Camera location (latitude / longitude) query
CCTV camera presets query

Suppression flag query

Device control requests

§ Video Switch

§ Preset

§ Pan, Tilt, and Zoom (PTZ)
\ § Focusln and FocusOut

w W W W W W
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WERISENVICESIBDESCHPLONIEanguage (WSDL )

1. Can “llopez” PTZ I-
580 & Plumb camera?

_ SOAP
3. If “llopez” does not have Response

permissions then a deny Message 2. If “ilopez” does have
notification is sent permissions. CSS issues a
PTZ command to Camera




Encodear

| Port # 4005 “

Encodar

| Port # 4005

PTZ Latency:

Rana

ICXWMS
tranalT SwmaSAn]

/!

.4

‘/—

TCP Connection to Video

Display Drriver Port # 5070

[

‘#’;‘é?; ﬁ?ab

-
.
-
.

Video-to-Web (VZW?"%’

TLF Connection to YWeb

Client Driver Port # 6000

2. PTZ Command is routed through VMS

ICK Kimley-Horn Driver
{CS3 Sub Systam Irlerface)

e————Reno iCX to CS5 Interface

FT. 7

- -

, < Rena "

~» KHACSES n,
Servar 2 ’
[EEREM O

nnrr*

A Web Sarvicas - Reno

3. The web service interface relays

the request to the CSS Server

User Authentication, Video

_/

& PTZ Confrol Requests

Uszer Varified, Video Switch

55 Sulb System Intaraca)

f

PT.Z Contro
- - -

“  Elka ™
s N

.7 KHacss .

&« Server 2 “
(sELK sy

e

Authorized, or PTZ authorized.

User Verified, Video Switch

uthorized, or PTZ authonzed
ar Authentication, Videa

=

(C5S5 Sub Systam Interface)

KHA Wb Services - Elko

168 Kimlay-Hom Drivar
(55 Sub System Inlerface)

)
. N,
Elks ™ .

[l TEHwmsSRY)

ICHVMS ™~

je———Flko iCX to C55 Interface

&\qz Control Requests

4

ICX IS Server 2
(Hosted KHA
Servica)
(V2P)

Irternal
[eakl TSHigSRVI)

[aagpau) wesls qng 557)
[OD2 PO - BAIAAS ARRL 'YHM DUy

[aagpau) wesls qng 557)
D0E B0 - SRIASE QRN YHY 0413

4, The CSS either denies or
approves the request

TCP Connection to Web

Managed

1. Can “llopez” PTZ I-
580 & Plumb camera?

00§ Hod
ATALE] UMD O

ICX IS Server 1

(W2W) g | User Authentication, Video
[ +
[x] o=
Internal B ¥
featal TSiisERY ) H 3 ;
% o i
Extermal o User verified, Video wl
2 | Switched, or PTZ completed ©

(Wi its.dot stake, rv 1)
(216,322 6B.240)

[ )
L

e

Client Driver Port # 6000

TCP Cnnnecum m W:Iecr

Internet -> DMZ -> D2 LAN -> DMZ -> D2 LAN -> Field =
8 to 15+ milliseconds depending on internet connection

.| Note 10: The Web Client Driver is updated
by each regional WMS automatically.

MNote 11: The VDS is on a single server. | separated tha
two on the diagram for aesthelics. Same sarver differant
drivers.

Note 12; The decision to use port # 555 was an
administrative decision. If the driver fails for Elke or Rena
it anly affects ona region and not all regions. L can be

areas use port 554 under a single VDS .,tﬁi?'



_ . 1. Itis always assumed that
Video-to-Public (V2P) — Unman the public “Elko” or “Reno” user
always has access to view

m
s Encoder (W] = 7 [ iox Transconer | 52 ) [T cameras for V2P. Switch
bri-mibuicco Bl IS Fi B o fRelet gl | M| 5| | requests are not sent to CSS
Te and Comet Eneoders) | .. 3§§ £ | oo [TER) | 22 |t Eg/\ and are performed without an
— B e |1 | Br| meEam | 51 [~Lauthorization request
g\;ﬁﬁmﬁl 5178 &,mﬂsmﬂ aEg T prects server H \>§ & WMV 8 URLS,
S \ 3. Once a suppression flag is received. The VMS sends a
Drfeer PO #8055 suppression request to the Transcoder and the Transcoder
Eim““‘% . TCP Comesionto wep inserts an alternate image during the transcoding process
2. The VMS queries CSS for the
v ~| suppression status of the cameras 4. The stream shows that |,

ICE Bimley-Horm Driver
{C55 Sub System Interface)

Reno ICX to CSS Interface

—

Reno
KHA CSS

Server 2
[(EsREN |

User Authentication and Video

Switch Request

User Verified and Video

KHA Web Serdces - Reno
(G55 Sub Syztem Interface)

ICX IS Sarver 2
(V2P

Switch authorized.

Elko
KHA CSS
Server 2
{HBELKCary)

Uszar Veriflied and Video

Iriternal
[calol TSisSRY2)
|

Wal Service for

Switch authorized.

User Authentication and Video

Authentication and
Autharizalion

Switch Request

KHA Web Sardces - Elko
S35 Sub Systern Intarface)

ICH Fimley-Horn Driver

(C5S5 Sub Systam Interface)

pe————E Ik ICX o C35 Interface

(eoepEu) Welsss gng S50l
OD0F W0 - SEAES G WM L

Eoepeu) weess ang S50
LO0E Mo - SROIAGE TR WHH tqE

)

the camera is not

| available -- Not Shown

0009 @ Hod
WAL JUTNED TR

N

User Authentication and

ICX IS Sarver 2
V2P

(V2F) =
Internal E B

cobol TSiaSRV2 =

1 8 [l Ei

==

Exfermal = %

[w2pibs dot state nu.us) ¥

{216.222.68.2435) L4

Wb Server

Video Hequest

User verified and Video 3 :
Switched Completed L

Web mient\;.iﬁ&ce
Hitlp:livwwrey newvadado o'ﬁ.‘:a ri1si

.
-l

b a

i " oy

L L ’ -

‘:: ) i -3

Hard Caded Users with viegy anly
permission are Programmgd for eac
on each syndicated pagg’




WERISEIVICESIDESCHPUENNENGUage (WSDL)

8§ Video suppression image for V2P (Still & Streaming)




§ WSDL should have included the IP and network
configuration information for each camera for easier
configuration by Administrators

§ The configuration information for each camera must be

entered manually and is often unique to a particular
brand

§ Create an established method for determining the
health of the WSDL through a secondary Web Ul for
CSS. FLIR currently has this interface



WSDISEESSORSHIEAIEC

\ 1)

§ Have the ability to stop and restart the WSDL web
services at pre-determined times through the WebUI for
continued operations

§ Stop and Restarting a service can be done manually by
going to each CSS web service server

§8 The systemin Las Vegas is 12x bigger (480 cameras)
than the Reno and Elko Project. FLIR still polls all
cameras regardless of their distribution status
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\ 1)

§ There have been several instance when the WSDL
has failed for Las Vegas

n This has been corrected by having FLIR log what
cameras are suppressed at the time they query CSS
to help identify if the problem is a WSDL issue or
network issue

~» Additional improvements have been made such as
changing the poll frequency from 5 seconds to 30
seconds







VIGEGIDISIHPUHERNRITASHUCIUENO EIKO / ReNno

» NDOT has a 100 Mbps internet circuit for V2P and V2W

n V2P has been designed to provided access to 292
simultaneous internet users at 75% capacity.

n V2W (Reno / Elko) has been designed to provide access
to 30 web users for District 2 and District 3 (combined).
Viewing 18 CCTV camera feeds at 4CIF, 4 Mbps, & 30
FPS will utilize 75% of our 100 Mbps internet circulit

~ Internal users are not included in these counts. They
connect directly to the servers using internal infrastructure
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\VIGEOIDISIHBUHERNRITASHUCIUrETOr EIKO / Reno

n This particular deployment does not have enough
bandwidth for both simultaneous demands

n V2P Is extremely popular and averages roughly to 200 to
250 unique visitors a day. This product was released in
January 2012. Summer months are our slowest months.

n V2W is often used by staff working remotely, technicians,
and other strategic partners. Though equally important it
IS not the celebrity of V2P until an emergency occurs




V2P D2 / D3 Technical Dashbhoard May 1, 2013 - May 31, 2013

Video-to-Public (V2P) Reno / EIko — Google Analytics

Unique Visitors and Pageviews by ... Unique Visitors and Avg. Visit Duration Unique Visitors and Pageviews by ...

® Unigque Visitors Avg. Visit Duration

- Unigue . - Unigue .
Visitor Type Visitors Pageviews 40 000500 City Visitors Pageviews
Mew Visitor 25249 3,31 Reno 524 1,112
E&Mmlng Wis 86T 2797 - \ A‘ ,pu‘—.nz:au Las Vegas H4 1,000

» } & Carson City 215 426
- v
.
Mesa 69 a2
. . ; B May 15 22 28
Unique Visitors and Avg. Time on ... May : z My = - Ae=-Cegncisc 68 132
We have a version of the FAST camera site at NDOT r
Unique Awvg. Tim ;
Page Visitors on P Unique Visitors and Visit Duration by Source [ Me. .. Phoenix a7 104
fcameras/default- Oni Visit Elko 57 92
Reno_as - negque 151
P Source [ Medium Visitors Duration Henderson 55 102
fcamerasidefault- 4 340 go-06:31 nevadadot.com / referral 2134 74-32-53
Vvegas.asp ' - . . - Morth Las Ve 51
" — gas
Jcameras/default- ™ (direct) / (none) 573 34:58:03
Elk 418 00:04:04 Sparks 44
0.asp google / organic 158 08:11:33
/cameras/default- 1 00:00:00 sharepaint / referal 100 02:37-10
elko.asp
ICAMERAS/DEF magnifeye.com / referral 61 01:01:13 Time on Site by Country
AULT-ELKO.AS 1 000000 shptsrv1 / referral 45 03:05:16 _
P Unigue _
i ) . Browser Visitors Pageviews
ftranslate_c?dept bing / organic 17 00:33:52
h=1&hi=en&lang renotahoeweather.com / ref . Intemet Explor 4 q9p 4435
pair=n|es&nri=t erral 13 00:06:09 er
ranslate.google.c
om&u=http:/fapp yahoo / organic 1 00:08-56 Chrome 394 642
s_nevadadot_com 1 000000
/cameras/default- nvroads.com / referral 6 00:00:34 Firefox 386 652
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VIGERIDISTHIRUHERNNASHUGCIUNENGY;

n Las Vegas has a dedicated 1 Gbps internet connection for
V2W and V2P

n V2P Las Vegas has a theoretical service limit of 2,930
simultaneous video feeds based on the internet
connection. Actual is 600 simultaneous users

n V2W Las Vegas is designed to provide access to 30 web
users for D1/ FAST. Viewing 188 CCTV camera feeds at
ACIF, 4 Mbps, & 30 FPS will utilize 75% of our 1 Gbps
Internet circuit
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VIGEONDISIIUUONNNITASHUCIUIENOIFEaS VEJAS

n This particular deployment has enough bandwidth for both
simultaneous demands and can provide a high service
level to users

to 200 to 300 unique visitors a day. This product was
released at the at the beginning of the year (Jan 2013)

\ n V2P Las Vegas is popular as well and averages roughly
\ and Is in the final stages of testing

» NDOT is establishing a 300 Mbps fiber optic connection
from Reno to Elko to Salt City to Las Vegas (Approx. 950
miles) through a provider




V2P - Las Vegas - Technical Dashboard

May 1, 2013 - May 31, 2013

Video-to-Public (V2P) Las Vegas — Google Analytics

Unique Visitors and Pageviews by ...

. Unique .
Visitor Type Visitors Pageviews
Mew Yisitor 4258 5,531
Returning Vis
itor TE8 3,440

Unique Visitors and Avg. Time on ...

Unique Avg. Time
Visitors on Page

i 4,601

Page
00:05:51

ftranslate_c?dept
h=1&hl=de&preyv
=fsearch?g=las+
vegas+sirip+hus
+stop&hl=de&hi
w=1024&bin=67
2&rurl=translate. 1
google.de&sl=en
Su=nhttphv2p.nvf
ast.org/&usg=AL
KJrhirLFmkYtQSp
IRwaANVQ-THF 1K
_HcA

00:00:12

ftranslate_c?dept
h=1&hl=en&rurli=
franslate.google.
comasl=en&ti=el
Su=http/fv2p.mvf 1
ast.org/&usg=AL
kJrhhkKBg-g-UOu
BWPPzEHRC 577

000000

Unique Visitors and Avg. Visit Duration

® Unique Visitors

Avg. Visit Duration

Unique Visitors and Pageviews by ...

Unique

Visitors Pageviews
1,658 3,182
248 441
156 183
150 264
a5 21
74 "7
62 a4
56 108
40 a3
28 43

Unique Visitors and Pageviews by ...

City
SO0 00:03:20
Las Yegas
i~ Henderson
L250 h-\ oo-0140
A Vilan, VNS \ Hartford
Morth Las Ve
May 8 May 15 May 22 May 20 gas
. . . ElEG
NDOT version of FAST cameras is listed as referral
Unique Visitors and Visit Duration by Source [ Me... (not set)
Carson City
_ Unique Visit
Source / Medium Vigitors Duration Phoenix
ricsnv.com / referral 3,035 1234915 Oakland
g:}ps_nevadadm_mm ! referr 1,129 63-56:27 Mew York
ricsouthemnevada.com f ref 429 12-00-02
erral
(direct) / (none) 46 02:36:06
cafride_com J/ referral 3 00:05812 Browser
translate.google.com [/ referr 5 00:00-23 Intemnet Explor
al er
glmgle—anan'tlcﬁ.mm { refer y 00-00:00 Chrome
Firefox
Lﬁﬂalslate.gncgle_mm.hrf ref y 00:01-41

Android Brows

:I'Ji:ii:‘clhlri Pageviews
2,551 5,235
1,001 1,645

660 1,122
170 285
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L SN/ ZEANENIISIES
n The new 511 system was released at the end of April

2013

n The new 511 uses all the V2P URLs for Las Vegas and
Reno/Elko areas as part of their system

~ Utilization of the URLSs is not included in the Google
Analytics page for Reno, Elko, and Las Vegas

n The numbers for the 511 CCTV cameras IS in addition to
the existing utilization for the V2P websites

| . Google Analytics only counts actual visits to the web client j
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n The new 511 system utilizes a unique ID for each
which is triggered as an event in Google Analytics. This

allows NDOT to identify camera utilization as a group or
Individually

Each Camera has a unique event ID and
can be tracked for usage
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%]

TL-200108




n The 511 system continues to have the same limitation of
not being able track the URL for the video stream

n Inthe current V2P system we cannot track utilization by
Individual camera. For instance, we cannot track the most
popular cameras being used by the Public

n This issue has been resolved in the new 511 system




511 Website - All Data

511 System — Google Analytics

Unique Visitors and Pageviews by ___

Unique

Unique Visitors and Avg. Visit Duration

May 1, 2013 - May 31, 2013

Unique Visitors and Pageviews by __.

Visitor Type Visitors Pageviews
New Visitor 8,925 14,760
Retuming Vis 4 757 11,939
itor

Unique Visitors and Avg. Time on ._.

Unique Avg. Time

Page Visitors on Page
/ 9,178 00:10:54
ficx/pages/incide 902 00:01:42
ntlist. aspx o
/511-home 593  00:06:18
ficx/pages/Comm AL
ent aspx 170  00:01:34
ficx/pages/Incide

niList aspx?listTy 166  00:02:14
pe=Incidents

fabout-511-neva 11 00:01:01
daloverview o
ficx/pages/Incide

ntList.aspx?listTy ar 00:01:56
pe=All

I P N | P

® Unique Visitors Avg. Visit Duration Unique .
. . Pageviews
1,200 00:11:40 Visitors
r ‘ Reno 1432 4,807
Las Vegas 799 2591
</
(S)an Francisc 778 1911
- Carson City 554 3,529
Each Camera has a unique event ID and can be
_0s Angeles 233 438
tracked for usage
Unique Visitors and Avg. Visit Duration -- CCTV r.__ Gardnerville 181 43
Total Events Avg. Visit Duration gﬁ:g‘ Lake T 173 388
1\200 01:06:40
(not set) 171 376
Phoenix 161 334
f’”?\ 00320 Elko 136 387
| J \ﬂf - M
May 8 May 15 May 22 May 29

Unique Visitors and Pageviews by ...

Unique

Browser ..
Visitors

Unique Visitors and Visit Duration by Source / Me.___ Pageviews

Internet Explor

. Unique Visit 3,957 13,092
Source / Medium Visitors Duration er
(direct) / (none) 3,305 814:12:44 Safari 2,010 4,412
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V20 Yelge Distrlotitie)

n The Video Management Server (VMS) obtains the device
Information from Central System Software (CSS)

» Unfortunately, this excludes any IP or networking
configuration information for the camera. This information
must be obtained from the District and is entered into the
VMS

» The Video Distribution Server (VDS) is configured through
the VMS. All virtual connections are configured in the
VMS then the information is pushed to the VDS through a
VDS driver
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~ The driver can be unique to a particular entity or function.

511)

~ Mevada Tigeld info

We can have multiple versions of the same driver for

different entities on the same server

V2WServer

CamCam Base (VMS)

== Configuration Information

Video Distribution (Elko)

+—1 Port #5071

Video Distribution (Reno)

Port #5072

Video Distribution (LV)

et Port #5073

Video Distribution (LV)

T—— Port #5074
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n The system uses RTSP for video distribution over port
554 for Reno and port 555 for Elko. You can only have
one instance for a particular port so you have to assign

RTSP over other non-standard ports. This an example:
The example uses part factual

All Reno cameras use 554 V2WServer and fiction information. LV has
and all Elko cameras use It own servers in LV
port 599, etc., and so on. CamCam Base (VMS) |1 Configuration Information |4
\ € RTSP:554 =11 Video Distribution (Reno) [ Port #5071
< RTSP:555 |=H Video Distribution (Elko) Port #5072
<— RTSP:556 FH Video Distribution (LV) |4 Port #5073
«<—— RTSP:557 =+ Video Distribution (LV) T—— Port #5074

Test case: rtsp://vds.its.nv.gov:554/vdd_-_galletti_at_kietzke / rtsp://vds.its.nv.gov:555/VDD_- 180 _and_Carlin_Tunnel_West
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n The V2W system is a Video-on-Demand (VOD) based
system

» The VDS does not ingest video until a user requests a
video feed. It discards the packets until a video switch
request is made

n This saves on server resources and only utilizes the
resources needed to serve the video at request

n Though this does absorb network resources (bandwidth of
camera) and some minor server resources for monitoring
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n The VDS ingests a multicast feed for distribution as a
Unicast stream. None of the original variables change on
the video feed. 4CIF, 4 Mbps, 30FPS -> VDS - > 4CIF, 4
Mbps, 30FPS

n The system essential maps an outside internet URL to the
original feed

n The system uses RTSP as the distribution method

» Multiple users can access the system simultaneously
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» Multiple users can access the same video feed
simultaneously

» The RTSP URL can be played on desktop and mobile
devices

» Always remember the one application one port rule. For
TCP/IP, we can only have one application listening on a
single port at one time
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» No real lesson learned by the platform. The system
effectively does the following:
n Minimum use of server resources
» Dynamic configuration of CCTV camera feeds

n Video distribution within the same platform (A media server is
normally needed)
~» Avallability of video outside the web client

n Distribution using a common protocol (RTSP)

~ The only lesson learned is having two feeds. One for
distribution to the public/partners and one for internal

. consumption
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n V2P has similar limitations to V2W for device
configuration

The Windows Media Encoder (WME) driver is configured
through the VMS. All virtual connections are configured in
the VMS then the information is pushed to the WME
through a WME driver
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~ The driver can be unique to a particular entity or function.
We can have multiple versions of the same driver for
different entities on the same server

V2PServer

CamCam Base (VMS) =4 Configuration Information

Windows Media Encoder (Elko) [¥=— Port #6056

Windows Media Encoder(Reno) Port #6057

Windows Media Encoder(LV) = Port #6058

Windows Media Encoder (LV) T—— Port #6059




http://image.its.nv.gov:8082/WME - Galletti at Kietzke /image / http://image?2.its.nv.gov:8082/WME - 180 and Carlin Tunnel West/image
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n The system uses HTTP for video distribution over port 80
for Reno and Elko. Reno and Elko have their own

a--l'-

(510

~ Mevada Tigeld info

Individual transcoding servers. In this instance lets
assume one server for everything

As part of the transcoding

V2WServer

The example uses part factual

/| and fiction information. Each

jurisdiction has their own
transcoding servers

CamCam Base (VMS)

-|| Configuration Information

HTTP:80

Reno and Elko Windows

+ Windows Media Encoder (Reno)

< Port #6056

| process a still image is taken
\ every five seconds
\E
\ |

Media Server

HTTP:80

- Windows Media Encoder (Elko)

Port #6057

808 LV Windows Media Server 1

HTTP:80

- Windows Media Encoder (LV)

¢ Port #6058

m LV Windows Media Server 2 |(—

HTTP:80

-1 Windows Media Encoder (LV)

1— Port #6059

Test case; HTTP://wms.its.nv.qov:80/wme -

galletti at kietzke [ HTTP://wms.its.nv.gov:80/wme - i80 and carlin tunnel west




http://image.its.nv.gov:8082/WME - Galletti at Kietzke /image / http://image?2.its.nv.gov:8082/WME - 180 and Carlin Tunnel West/image
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n The system uses Windows Media Server Fast Streaming
capabilities. The Fast Streaming functionality allows a
user to receive the first 30 to 50 seconds of video within
first 1 second at 3.5 Mbps. The connection then slowly
normalizes back to 256 Kbps over the next 60 seconds.
The 3.5 Mbps Is approximately 14 times faster than

O I’I g | nal 256 Kbps Incoming WMV video feeds from transcoders
L 192.168.27.247:80XX‘]—

h 192.168.27.250:80XX

Web Client Fast Streaming @ 3.5 Mbps LV Windows Media Server 1 10.172.27.250:80XX

Reno and Elko Windows
Media Server

VLC Player €| Fast Streaming @ 3.5 Mbps ==

Windows Media Player Fast Streaming @ 3.5 Mbps LV Windows Media Server 2 1017227.25:30xx |88

Test case: HTTP://wms.its.nv.gov:80/wme - galletti at kietzke [HTTP://wms.its.nv.gov:80/wme - i80 and carlin tunnel west
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The V2P system is a Always-On (AO) based system. A

transcoder Is generally a brute force device built for the
sole purpose of converting video to other formats, bit
rates, resolutions, and FPS

n T

he WME transcoder is constantly ingesting video

regardless if a user requests a video feed

no T
a

R n T
\

nere is a delay in the transcoding process of
pproximately 20 to 40 seconds (depends on complexity)

ne transcoder absorbs network resources (bandwidth of

camera) and server resources for monitoring
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n The WME transcoder ingests a multicast feed for
distribution as a Unicast stream. Most of the original
variables change on the video feed. 4CIF, 4 Mbps,
30FPS -> WME - > CIF, 256 Kbps, 30FPS (1/16™ the
original size)

n The WME transcoder sends the transcoding stream to a
Windows Media Server

n The system uses HTTP as the distribution method

R . Multiple users can access the system simultaneously
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» Multiple users can access the same video feed
simultaneously

n The same HTTP URL cannot be played on a
Windows desktop platform and mobile device. The

URL must be modified
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n The system uses Windows Media Video (WMV) and Is
not natively supported in other browsers (Firefox,
\ Chrome, etc). A plug-in must be installed by the user.

* At the time of design Windows had 86% of the market share

» Video can be displayed on iPad or iPhone using Good
Player App with a modified version of the URL. The
mobile URL does not work with Windows desktop

~ During design in 2010, HTML 5 was being developed as
a standard and the final standard to be released in April
2014

Good Player iPhone or iPad URL: mmsh://wms.its.nv.gov:80/wme_- galletti_at kietzke MSWMExt=.wmv
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n Over the last several years H.264 has become the official
champion of internet video distribution. The choice to use
WMV was a valid choice at the time

We will ingest the original video stream and convert the
stream to two smaller video feeds. One for distribution to
the Public / mobile devices at 256 Kbps or higher and
another for Strategic partners at 1 Mbps or higher.

§ » We plan to convert all streams to H.264 for V2W and V2P.

o~ After talking with the vendor, they agreed to provide a
. demo for testing purposes in July

DVEOQ Brutus Transcoder: http://www.dveo.com/Streaming-Video-HTTP-RTSP-Flash-IPTV/Cloud-Based-Transcoders.html
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» Camera Cameleon (CamCam) is a video management
software (VMS) that controls devices such as CCTV
cameras, DMS signs, and other ITS devices

n The system uses a driver based architecture
n The base software is installed on each server

~ A specific driver for a particular device Is installed on the
VMS server (CCTV camera, DMS sign, etc.)

= n Only those drivers relevant to your system are installed
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§ Drivers specific to your environment can be installed
on the same server or other servers for expandability

! Single Server |
fulfilling all VDS Server 1 |
- functi
o V2WServer Video Distribution Driver

\ CamCam Base (VMS)

| The VMS needsthe  ||= =
FLIR device drivers Video Distribution Driver

VDS Server 2

Video Distribution Driver

installed in order to

communicate to the Web Client Driver VDS Server 3

remote severs
Web C“ent l Video Distribution Driver

Web Client Driver

Other Device Drivers
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Single Server
fulfilling all
functions

\

The VMS needs the
FLIR device drivers
installed in order to

communicate to the
remote severs

VZAESVSIETIRS el
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n V2P has the same expandability and functionality as

n The diagram does not include the transcoded stream
being delivered to the Windows Media Services Server

V2PServer

CamCam Base (VMS)

Transcoding Server 1

—3

Windows Media Encoder Driver

Web Client Server Driver

Other Device Drivers

Windows Media Encoder Driver

Transcoding Server 2

Web Client

Windows Media Encoder Driver

Web Client Driver




The Windows Media
Servers have to be
manually configured

Video-to-Public (V2P)
Las Vegas

Example of capability to o || EE Nh‘\fi‘%

expand the system. The R (11 - LT \q:fl?

system can expand from R | L
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n The V2P system does not track the URLSs similar to V2W

n An Excel spreadsheet must be compiled and verified to
ensure accurate information

n V2P uses Windows Media Services for distribution. FLIR
would have to develop an interface to extrapolate the
URLS for still images out of the VMS and streaming URLS
for Windows Media Services




O [ httpsy/iradits.nv.gov/,Dan: x https://ra.its.nv.gov/,Dan: x

C | & bibs://ra.its.nv.gov/,Danalnfo=vds.its.nv.gov,Port=8081+VDSInputSummary.htm o7 B4 W

|7 511 HOME || Download E’ Google | ] TDEX Website [ SSLError events.51Tnv.com % Job Search Results 0 Audience Overview ... | WikiPedia Sandbox [ ) D2 Dashboard

L

CPU Load: 01%

Version: 1.5.314 .
Time: G213 95745 Pl Video-to-Web (V2W) URLs
Uptime: Gh Re n O

Input Media Summary || Output Client Sessions |

_ _ V2W can track all camera N
NVR Sessions IP Address Uptime Kbps
URLs and usage. No _
Reno MV 24 127.0.01 7h 93672] | . : c .
historical information though ~ —
Reno NVM Details
Live Streams
Name URI Payload | Uptime | Port (ID| Archiving | FP5|Kbps| GB Received
vdd - galletti_at_kistzke nsp:/ivds.its nv.govivdd_- galletti_at_kietzke MPEG4 Th |59159 (53| Disabled 31 969 0
vdd_- i580 at browns_creek bridge tsp:/fvds.its_.nv.govivdd - 1580 at browns_creek_bridge MPEG4 Th |59159|78| Disabled 31| 4015 0
vdd_- i580_at_galena_creek_bridge rtsp:/fvds.its.nv.govivdd_-_i580_at_galena_creek_bridge MPEG4 Th  |59159|77| Disabled 31| 4005 0
vdd_- i580_at_galena_forest_bridge rtsp:/fvds.its.nv.govivdd_- 1580 _at_galena_forest_bridge MPEG4 Bh  |59159|75| Disabled 31| 4048 0
vdd_- 1580 _at_glendale_ave tsp:/fvds its_.nv.govivdd_- 1580_at_glendale_ave MFPEG4 Th  |59159 (49| Disabled 31| 3916 0
vdd - i580 at 80 n e rtsp:/fvds.its_.nv.govivdd - 1580 at 180 n e MPEG4 Th  |59159|46| Disabled 31| 3494 0
vdd_-_i580_at_i80_s_w rtsp:/ivds.its.nv.govivdd_- 1580 _at_i80_ s w MPEG4 Th  |59159 (47| Disabled 31| 3488 0
vdd_-_i580_at_kietzke lane rtsp:/ivds.its.nv.govivdd_- 1580 _at_kietzke lane MPEG4 Th |59159|48| Disabled 31| 3504 0
vdd_- 1580 _at_mill_st tsp:/fvds its_nv.govivdd_- 1580_at_mill_st MPEG4 Th  |59159|50| Disabled 31| 4011 0
vdd - i580 at plumb_airport tsp:/ivds.its nv.gowivdd - 1580 at plumb_airport MPEG4 Th |59159|52| Disabled 31| 3605 0
vdd_- i580 at steamboat hill_bridge tsp:/ivds.its.nv.govivdd_- 1580 at steamboat_hill_bridge MPEG4 Th  |59159|73| Disabled 31| 4000 0
vdd_-_i580_at_villanova_on_ramp rtsp:/ivds.its.nv.govivdd_-_1580_at_villanova_on_ramp MPEG4 Th  |59159|51| Disabled 31| 3528 0
vdd_-_i80_at_center_st_on_ramp rtsp:/fvds.its.nv.govivdd_-_i80_at_center_st_on_ramp MPEG4 Th  |59159|62| Disabled 31| 3003 0
vdd_- 180 _at e 4dth st kietzke In itsp:/fvds its_.nv.gowivdd_- 180_at e 4th st kietzke In MPEG4 Th |59159 (64| Disabled 31| 3012 0
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ITU-T
Standards

Joint
ITU-T / MPEG
Standards

MPEG
Standards

1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

Comparing Media Codecs for Video Content : http://www.media-
matters.net/docs/resources/Digital%20Files/General/Comparin
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Uncompressed Video Bandwidth

§ The amount of H.264 compression required to transmit 1080

video over a 3 Mbps link is 332:1

Table 1. Display Resolution Format Comparison

Flime Vi

Format Horizontal Pixels Vertical Lines Pixels Megabits per second (Mbps)
QVGA 320 240 76,800 37

VGA 640 480 307,200 147

720p 1280 720 921,600 442

1080p 1920 1080 2,073,600 495- (1.45 Gbit/s)

H.264 AVC Standard: http://www.logitech.com/assets/45120/logitechh.pdf
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:if Table 2. Compression Standards, Specs & Applications
|

ITU-T Recommendation Year Ratified Target Resolutions Target Bit Rates Target Applications

3520288 (CIF)

MPEG1 H.261 1988 176Q144 (QCIF) 40 kbps - 2 Mbps ISDN videophones

7200480

MPEG2 7204576 SD/HD Broadcast, DVD,

Part 2 12800720 1- 25 Mbps o
1920Q1080

128096
1764144 Videoconferencing

MPEG4
Part 2 ~ 3520288 20 kbps - 4 Mbps MMS

ar 704Q576 Streaming Internet Video
14080052

Videoconferencing

MPEG4 128096 64 kbps up to Bmadca‘_&t

up to 25 Mbps Blu-ray Disc
Part 10 4,096Q2,304 DV & Mobile phone
cameras

g 1

H.264 AVC Standard: http://www.logitech.com/assets/45120/logitechh.pdf
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Comparing Media Codecs for Video Content : http://www.media-
matters.net/docs/resources/Diqgital%20Files/General/Comparing%20Media%20Codecs%20for%20Video%20Content.pdf
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Recommended Video Compression Settings

Please refer to Uncompressed Video Bandwidth table

MPEGL1 (H.261) - Designed for 352x240 at 30 fps with a bit rate
1.15 Mbps with a targeted compression rate of 25:1

MPEG2 Part 2 (H.262) — Designed for 720x480 at 60 fps with a bit
rate of 4 — 8 Mbps with a targeted compression rate of 30:1

MPEGA4 Part 2 (H.263++, H263v3, H.263-2000) — The most
confusing of all the standards and provides two other opportunities
for incompatibility. No specific design requirement but a rule
thumb is a compression ratio of 30:1. An example configuration is
640x480 (VGA) at 30 fps with a bit rate of 5 Mbps (4.9)




N

VIREEZRSHVIVREGNREISIITENIGEQ)

Recommended Video Compression Settings

Please refer to Uncompressed Video Bandwidth table

MPEG4 part 10 AVC (H.264) and Windows Media Video —

The rule of thumb for H.264 and WMV is a 60:1 compression ratio.
An example configuration is 640x480 (VGA) at 30 fps with a bit
rate of 2.45 Mbps

Comparing Media Codecs for Video Content : http://www.media-
matters.net/docs/resources/Diqgital%20Files/General/Comparing%20Media%20Codecs%20for%20Video%20Content.pdf
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n MJPEG - Motion JPEG
o Each video frame is compressed into a separate JPEG

Image
| o Sends an intermediate frame (full image) every time
o Works similar to a cartoon flip book

o Images resolution must be reduced to meet the 400 — 600
kbps bandwidth requirement

o Users are not required to receive all sent frames
o Works well with latency or low bandwidth

OnSSI| MPEG4 vs. MJPEG: http://www.onssi.com/downloads/OnSSI WP compression techniques.pdf
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n MPEG4 part 2 - Video Compression Algorithm

(0}

\ (0}
o
i

Sends an intermediate frame (full image) with updates
The updates are partial frames with pixel changes only
Users are required to receive all sent frames

Does not respond well to latency or low bandwidth
Does not scale well from fixed to mobile applications
Provides superior image quality than MJPEG

The amount data of transmitted is less than MJPEG by
Increasing complexity (more video processing)

More motion per frames requires an increase in bandwidth

OnSSI| MPEG4 vs. MJPEG: http://www.onssi.com/downloads/OnSSI WP compression techniques.pdf

;f
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n H.264 - Video Compression Algorithm

o H.264 uses the same general coding techniques with
\ new features

o H.264 achieves a 2x~ reduction in bit rate versus
MPEG-2 and MPEG-4 simple profile (SP)

o H.264 can provide VHS quality (352 x 240) video at 600
Kbps
o These encoding algorithm offers high compression at

the expense of processing power at the encode and
decode points

Comparing Media Codecs for Video Content : http://www.media-
matters.net/docs/resources/Diqgital%20Files/General/Comparing%20Media%20Codecs%20for%20Video%20Content.pdf
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Digital Cable {since yo00)
QAM (Quadrature: Ampittude Modulation)
6MHz

Variable — depends of modulation scheme
QAM 64 modulation = 26.9 Mbps
QAM 256 modulation = 358 Mbps

QAM®64 = 26.9 Mbps
QAM256 = 38.8 Mbps

The system can accommodate multiple

1%1080i HD ,m'.m @ 17.9 Mbps, simultaneous streams
or 4d80i S0 programs each @ 4.2 Mbps,

or 1x720p HD program @ 8.8 Mbps + 2x480i SD programs at 4.2 Mbps,
or any combination not to exceed 26.9 Mbps

QAM 256
256-Point Signal Constellation
38.8 Mbps bitrate
Can accommodate:
1x1080i HD program @ 36.5 Mbps,
or 2x720p HD programs each @ 17.6 Mbps,
or “ed80i 5D programs each @ 8.8 Mbps,
wMHDm@l?ﬁm+mmmmH&Bm

W any combination nol

Blonder Tongue — Broadband Reference Guide: http://www.blondertongue.com/UserFiles/file/documents/2012%20BRG%20FINAL lo-res.pdf
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Un-compressed Digital content arrives in HD-SDI, SD-SDI, & HDMI formats.
(1.485 Gbit/s over coaxial)

Cable Companies use
MPEG2 and H.264 for
Video Transport

Blonder Tongue — Broadband Reference Guide: http://www.blondertongue.com/UserFiles/file/documents/2012%20BRG%20FINAL lo-res.pdf




Descriot

Uncompressed High-Def digital stream

Uncompressed Standard-Def digital stream

Typically carries multiple compressed HOfSD-SDI programs (va MPES Transpest Stream)
Digital Cable

Digital Cable

Digital Over-the-Air

Blonder Tongue — Broadband Reference Guide: http://www.blondertongue.com/UserFiles/file/documents/2012%20BRG%20FINAL lo-
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44 EQAM-420 SERIES

EDGERQAM
1X BGbE » 8X GAM (CLEAR or PRO:IDIOM ™)

The EQAM-420 is designed to allow CATV operators to aggregate multiple
HOTV programs received in IP format and to deliver them over a standard coaxial

The system can decode distribution network.

24 HD MPEG-Z/H.264 e EQAM-420 accepts up to twenty four (24) HD MPEG-2/H.264 Transport Stream (15) in
unencrypted (dear) 1000Base-T Ethernet isbe) format, and aggregates them in up to eight (5) QAM

streams RF channels in the 54-996 MHz range. The EQAM-420 can be configured with one or two output
modules, each capable of delivering four (4) adjoining QAM channels. Each QAM channel can
contain up to three ;3) HD programs.

The EQAM-420 allows the aperator to maintain the QAM RF output unencrypted, or to encrypt
it with Pro:ldiom™ against confent piracy. When Prozldiom™ encryption is activated, all QAM
RF outputs will be encrypted regardless of the number of output modules present or the
number of QAM RF channels assigned on each module. Pro:ldiom™ encryption is available
to Pro:ldiom™ licensees only.

Comprehensive GUI-based remote monitoring and control capabilities, including
SNMP-based management, allow CATV operators to remotely manage, operate, and trouble
shoot the network via any standard Web browser.

24x HD Programs

Cable company version
of a video decoder

Blonder Tongue — Broadband Reference Guide: http://www.blondertongue.com/UserFiles/file/documents/2012%20BRG%20FINAL lo-res.pdf
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The ICX Web Client requires an ActiveX plug-in in order to
work. To demonstrate the flexibility of the platform | have
not installed the plug-in prior to the presentation.

n  http://www.nevadadot.com/cameras

n  Nttp://v2p.nvfast.org or http://v2p.its.nv.qov

n https://v2w.its.nv.gov or https://v2w.nvfast.org
n  http://www.nvroads.com

The Scope of Work (SOW) for all V2W projects are available
\ upon request for State and City agencies
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