4.2.2  Equipment Costs


This section explains the methodology employed for estimating total equipment costs associated with each option and presents summarized cost data. The section concludes with an explanation of how the total costs were distributed over the life cycle in the cost model.  Corresponding detailed cost calculation spreadsheets are included in Appendix F.


4.2.2.1  Methodology


The steps necessary to develop equipment cost estimates encompass market survey and system architecture activities necessary to determine a baseline equipment list for each option.  The sequence of events is as follows:


Perform a modest amount of market survey to identify representative make and model products which could satisfy the technical architectures developed and documented in Section 3.


Develop a representative network layout based on the relevant equipment types to determine the appropriate equipment models and quantities needed to match deployment to the locations identified for each architectural option. Create a sample equipment configuration for each distinct model, verify equipment configuration with a vendor representative and obtain cost information from a manufacturer or reseller or through a market survey if  a product is a commodity item.


Calculate the total equipment costs for each architectural option.


4.2.2.2  Equipment Cost Overview


Four high-level categories of equipment were identified for costing in support of all of the technical architectures developed in Section 3.  Two of these were identified primarily in support of the two alternative methods of transporting live video from CCTV locations to the CHART facilities (i.e., ATM switches for the transport of digitized video and FDM multiplexers for the transport of analog video).  A third category was identified in support of communications between non-CCTV device sites and the CHART facilities.  A fourth category was identified for coder/decoders (CODECs) and other miscellaneous telecommunications equipment including multiplexers, Channel Service Units (CSU), Data Service Units (DSU), and ISDN terminal adapters.


Table 4-20 presents the estimated costs for two representative sizes of ATM switch and associated network management system (NMS) products used in developing equipment costs.  The “In the Field” models are those placed in field enclosures (i.e., in the hybrid options) to collect CCTV image data as well as serial communications data.  The base configuration costs represent chassis configured to support the collection of serial data and a backbone connection, plus support a communications platform for polling devices.  Added to this base configuration are necessary video interface cards (i.e., built-in CODEC) as required by each video site.  Simple mathematical formulas built into the detailed cost spreadsheets determine the correct number of video cards needed in each switch based on the number of video streams entering each enclosure.  Detailed base configurations for these switches are presented in Appendix F.


For options L1, L2, L3, L4, and H1, an individual price quote for each switch was received based on information provided to vendors which listed the number of camera feeds going into each facility.  For options H2, H3, and H4 the estimated price is based on a switch configuration that uses all of the available interface card slots.


Table 4-20.  Representative ATM Switch Costs


Representative Equipment�
Price�
Price Quote Source�
�
ATM Switch Costs - In the Field�
�
�
�
Midsize Chassis - (Base Config.) - 4 free slots for video (8 images)�
$54,000�
Vendor Quotation�
�
Midsize Chassis - (Config. to support a polling PC) - 3 free slots for video (6 images) �
$65,500�
Vendor Quotation�
�
Large Chassis - (Base Config.) - 13 free slots for video (26 images)�
$60,000�
Vendor Quotation�
�
Large Chassis - (Config. to support a polling PC) - 12 free slots for video (24 images)�
$71,500�
Vendor Quotation�
�
Cost per video slot (using H.320 card)�
$15,000�
Vendor Quotation�
�
ATM Switch Costs - At Facilities�
�
�
�
Large ATM Switch - Configured on a Facility by Facility basis�
range varies by facility�
Vendor Quotation �
�
Large ATM Switch - Fully Loaded Chassis (Used in H2, H3, and H4 options)�
$250,000�
Estimate based on vendor cost data.  Cost stays in close proximity to $250,000 for nearly all possible interface card combinations.�
�
Network Management Station�
$28,000�
Vendor Quotation�
�
NMS Software Licensing Fee�
$250,000�
Vendor Quotation�
�



Table 4-21 presents the estimated costs for the representative frequency division multiplexers, interface cards, and associated NMS products used for the HxD and HxE hybrid options for analog provisioning and transport of CCTV image streams.  The base configuration cost represents a chassis configured to support the backbone connection with the exception of the video interface cards.  Simple mathematical formulas built into the detailed cost spreadsheets determine the correct number of video interfaces needed in each frequency division multiplexer based on the number of video streams entering each enclosure. The detailed base configurations for these multiplexers are presented in Appendix F.


�
Table 4-21.  Representative FDM  Equipment Costs 


Representative Equipment�
Price�
Source�
�
FDM Chassis (Base Config.)�
$32,542�
Vendor Quotation�
�
FDM Video Modulation Card�
$3,176�
Vendor Quotation�
�
FDM Video Demodulation Card�
$2,953�
Vendor Quotation�
�
FOFT1 Full/Fractional T1 Multiplexer�
$5,444�
Vendor Quotation�
�
 NMS PC�
$11,766�
Vendor Quotation�
�
 NMS Initial Licensing Fee�
$32,340 -$100,000�
Vendor Quotation - Price varies according to amount of equipment used�
�
Generic Video Switch Chassis�
$6,000�
Estimated price�
�
Generic 16-Port Video Switch Module�
$3,000�
Vendor Quotation�
�



Table 4-22 presents representative prices for the equipment used to estimate costs associated with providing connectivity to and data collection from non-CCCTV device sites.


Table 4-22.  Non-CCTV Equipment Costs


Representative Equipment�
Price�
Source�
�
Polling Server PC and Communication Interface�
�
�
�
CPU - Rack Mount 100Mhz Pentium with Operating System�
$6,750�
Market survey�
�
Host Adapter Card �
$2,172�
Vendor Quotation�
�
Port Concentrator�
$1,347�
Vendor Quotation�
�
CSU/DSU Bank�
�
�
�
16-port plus Power Supply�
$349�
Vendor Quotation�
�
CSU/DSU card plus connector card�
$372�
Vendor Quotation�
�
POTS Modem Bank�
�
�
�
Central Site Modem Rack�
$690�
Vendor Quotation�
�
V.22b/5 2400 Baud Modem Card�
$387�
Vendor Quotation�
�
ISDN Modem Bank�
�
�
�
ISDN Terminal Adapter�
$747�
Vendor Quotation�
�
Modem Pool I/8�
$5,247�
Vendor Quotation�
�
Modem Pool I/16�
$8,997�
Vendor Quotation�
�



Finally, Table 4-23 presents representative prices used for the remaining telecommunications equipment not yet covered in the previous tables.


�
Table 4-23.  CODECs and Other Telecommunications Equipment


Representative Equipment�
Price�
Source�
�
T1 Multiplexer�
$7,500�
Market survey - T1 Mux (5500) + CSU/DSU (2000)�
�
Statistical Multiplexer (24 port, subrate)�
$2,000�
Estimated price�
�
Standalone CODEC�
$20,000�
SHA Estimate�
�
PC CODEC Card�
$4,000�
Market survey�
�
T1 CSU/DSU module�
$985�
Vendor Quote�
�
T1 CSI/DSU rack�
$1,575�
Vendor Quote�
�
ISDN TA for data and voice -2 port �
$747�
Vendor Quote�
�
4.2.2.3  Primary Network Equipment Costs


The “Primary” network equipment costs cover all equipment costs except for the equipment necessary to support the connection to the Montgomery County TMC in Options L4 and H4A.  These are termed “other equipment costs” which are discussed in Section 4.2.2.4. In H4A, video streams received are received from Montgomery County’s CCTV system in lieu of installing SHA-owned communications equipment at some CCTV sites in the county.


The following discussion centers on factors that support the derivation of equipment quantities (i.e., how the equipment is used and where it is located).  Detailed itemization of equipment quantities and cost for each architectural option are presented in Appendix F in the form of spreadsheets.


4.2.2.3.1  Leased Options


For the decentralized leased architecture, SHA facilities throughout the state are utilized as termination points for leased circuits used to communicate with the device sites.  Each device site is assigned to the closest SHA facility in an attempt to keep as many of the circuits within the local calling area (i.e., physically connected to the same Central Office). This strategy minimizes the number of long-distance connections and mileage, both of which contribute to cost.


In options L1 and L3, ATM switches are located at every SHA facility used as a connection point for DS1 service to camera enclosures (i.e., metropolitan shops and District Offices).  Switches are also located at the SOC, AOC, SHA Headquarters, and other CHART facilities including MDOT Modal Headquarters’ buildings. The combination of the switches and leased circuits connecting them constitute main trunks of the CHART statewide backbone.


A T1 multiplexer, statistical multiplexer, and standalone CODEC(s) are placed in each enclosure supporting a CCTV site.  Correspondingly, each metropolitan facility needs a sufficient number of T1 and statistical multiplexers to demultiplex the video, camera control, and enclosure environmental data streams which it receives from the CCTV sites.


The platforms used for communicating with all the non-CCTV device sites are located at the SHA facility which serves as that site’s communications hubbing point. These machines will be needed in both metropolitan and rural shops and District Offices.


To support the delivery (or in this case referred to as “backhaul”) of a single video image to the MSP barracks, a T1 multiplexer is placed at each Barracks.  The image stream is viewed through the use of a CODEC card installed in a PC which displays the picture on the PC’s monitor.  The price estimate used in this study reflects the cost of the CODEC card and a suitable low-end PC.  The cost can be reduced further by using an existing PC at the Barracks if available.


The detailed equipment quantities and costs required for each leased option are itemized in the detailed equipment cost calculation spreadsheets presented in Appendix E.  The cost of NMS software is included with NMS equipment costs.  The total life cycle equipment costs for the leased options are summarized in Section 4.2.2.6.


4.2.2.3.2  Hybrid Options


For hybrid options, existing and new fiber optic cabling is used to carry SHA data and video to facilities from devices along those routes instead of leased circuits.  In these options, various portions of the defined decentralized leased architecture are used to provide connectivity for facilities and devices which are not located along fibered right-of-ways.


The following assumptions were made concerning hybrid option costing:


The H1 series of options assume the decentralized lease architecture.


·	Options H2, H3, and H4 use the Districts 3, 4, 5, and 7 Offices as video traffic collection points because, 1) a majority of the camera sites are located on the fibered road segments and 2) these facilities plus TOC 3, TOC 4, and the Montgomery County TMC are located along the fiber in at least one of the options.  The SHA shops and District Offices, other CHART facilities, and MSP Barracks not located along fibered right-of-ways are reached via the “backhauled” network as defined in the “Centralized Lease” option using leased lines.


Total non-CCTV equipment costs for each of the hybrid options was assumed to be the same as for the leased options since the number of device sites communicated with is a constant.


4.2.2.3.2.1  H1


Option H1 differs from the decentralized lease option in that a partial length of the existing MCI/TCG fiber is used as the trunk between District 3 Headquarters in Greenbelt, District 4 Headquarters in Brooklandville, and the SOC instead of leased circuits.  Other than reconfiguring the ATM switches at these locations to host connectivity to the fiber optic trunk, all equipment quantities and locations remain the same as the leased options.  After reviewing the costs for reconfiguring the switches, the following assumption was made:


The cost differential due to the reconfiguration of the three ATM switches is small enough to be considered negligible.  The cost of adding a pair of fiber optic OC-3 interface cards basically balances out the cost of the T1 interface cards that are removed in each switch.


Consequently, the detailed cost calculation spreadsheet for H1 in Appendix F reveals that the total equipment cost for H1 is equivalent to the cost of equipment for L3.


4.2.2.3.2.2  Digital Camera Provisioning (Options Hxb and Hxc)


Options Hxb and Hxc (where x = 1,2,3,4) use the fiber optic backbone segments for communication to and transport of video (Hxb) and data and video (Hxc) from CHART device sites along the fibered right-of-ways.  


In the Hxb options, the fiber is used only to connect camera sites.  An ATM switch configured with video interface cards is located in each enclosure along the route.  The video interface cards have built-in CODECs which digitize the video images collected from the roadside cameras and convert the video streams to ATM cells.  A T1 multiplexer and a statistical multiplexer are also placed in each enclosure to collect the camera control and enclosure environmental data streams received from each camera site.


For option H1b, the deployment of all the other equipment remains the same as in H1.


For options H2b, H3b, and H4b, ATM switches are located only at the District 3, 4, 5, and 7 Offices, the TOCs, SOC, AOC and other CHART Agency’s Modal Headquarters’ buildings.  For cost purposes, an estimate based on a fully configured large chassis model  was used due the large number of video streams from both fiber and non-fiber sources being collected at each District Office.  The total number of switches and interfaces required at each district headquarters is dependent on the total number of CCTV sites it collects images from.  To reduce the number interfaces and switches at the District Office, an optical DS-3 inverse multiplexer is used. This consolidates multiple T1 terminations and reduces the number of serial interfaces needed at the switch. Correspondingly, one of these multiplexers is needed at the SOC and AOC to demultiplex the consolidated DS-3.


Similar to the decentralized lease option, the platforms used for communicating with all the non-CCTV device sites are located at the SHA facility which serves as that site’s communications hubbing point.  These machines will be needed in both metropolitan and rural shops and District Offices.


Since not all SHA shops can be reached with fiber on the right-of-way, images required at shops are supported via backhaul.  To support the backhaul of a single video image to shops and MSP barracks, a T1 multiplexer is placed at each Barracks.  The images are viewed through the use of a CODEC card installed in a PC which displays the picture on the PC’s monitor.  The price estimate used in this study reflects the cost of the CODEC card plus a suitable low-end PC.  The cost can be reduced further by using an existing PC.


Options Hxc use the fiber backbone segments for connectivity of CHART’s non-camera device sites in addition to the CCTV sites.  The deployment of equipment is the same as the Hxb options with the exception of the PC-based platforms.  Along the fibered right-of-ways, these units are placed in the enclosures to interface with and process the data from the devices along that route.


The detailed segment-by-segment equipment quantities and costs required for each architectural option are itemized in the detailed equipment cost calculation spreadsheets presented in Appendix F.  As with the leased options, simple mathematical formulas built into these spreadsheets determines the correct number of video cards needed in each ATM switch based on the number of camera feeds entering each enclosure.  The cost of COTS NMS software is included with the NMS equipment located. The total life-cycle equipment costs for the digital camera provisioning options are summarized in Section 4.2.2.6.


4.2.2.3.2.3  Analog Camera Provisioning (Options Hxd and Hxe)


Options Hxd and Hxe use the fiber optic backbone for communication to and transport of video (i.e., Hxd) and video and data (Hxe) from CHART device sites along the fibered right-of-ways.  However, they employ a system based on optical frequency division multiplexing which transmits images from the CCTV sites as near full motion video as an analog signal.  In order to accommodate larger bandwidths of serial and LAN data (i.e., > T1) and present a standards-based multimedia digital backbone for a wider potential use scenario statewide, the equipment used for analog video collection and viewing is integrated into the same ATM-based digital network as defined for the other hybrid options.


A frequency-division mutiplexer configured with video modulation interface cards is located in each enclosure along the fibered routes.  The video interface cards convert the electrical analog signal collected from the roadside cameras into an optical signal.  Companion optical fractional T1 multiplexers are also used along the route to collect the camera control data streams received from each CCTV site.  These multiplexers are hardened and may be placed either in field equipment cabinets or the environmental enclosures.


Frequency division multiplexers set up to demodulate the image transmissions for viewing are located at those District Offices which are located along a fibered backbone segment.  A fractional T1 multiplexer is required to demultiplex the camera control data streams and a network management station is needed to control the cameras.  Although not defined as a requirement, this provides the ability to view full motion video at the District Office and also supports a full motion video feed to the local media in each of the Baltimore and Washington, D.C. metropolitan areas (i.e., from District 3 and 4 Offices) for specific sets of CCTV sites. A video switch was included in the cost estimate to be used for this and other functions.


The analog video collection system is separate from the digital ATM backbone in terms of equipment as well as technology and standards.  In order for the same set of CHART image distribution requirements to be met, analog video collected at District Headquarters needs to be prepared for transmission to other CHART facilities that require it over leased lines.  This is accomplished by digitizing the video and compressing it for transport to the SOC and backhauled to Shops and other CHART facilities.  A video switch is placed at the District Office for this.  Outputs from the frequency-division multiplexer are connected to the switch on one side and the District Office’s ATM switch video interfaces with CODECs on the other.  Image viewing at the District Office can be performed via the video switch.  External control and distribution can occur via the digital switch as done in other options. Every camera that is connected to the frequency-division multiplexer will also be connected to the ATM switch via the video switch. The ATM switch is configured for the same number of video interface cards as in options Hxb and Hxc.


For option H1d, the deployment of the ATM switches and all the other equipment besides the analog video system remains the same as in H1.  


For options H2d, H3d, and H4d, ATM switches are located only at the District 3, 4, 5, and 7 Offices, the TOCs, SOC, AOC and the other CHART Agency’s Modal Headquarters’ buildings. Non-CCTV platforms and the equipment to support backhaul at other sites remains consistent with other options.


Option Hxes use the fiber backbone segments for connectivity to CHART’s non-camera device sites in addition to the CCTV sites.  The deployment of equipment is the same as the Hxd options with the exception of the PC units.  Along the fibered right-of-ways, machines are placed in the enclosures to interface and process the data from the devices along that route.


Detailed segment-by-segment equipment quantities and costs for each architectural option are itemized in the detailed equipment cost calculation spreadsheets presented in Appendix F. The total life-cycle equipment costs for the analog camera provisioning options are summarized in Section 4.2.2.6.
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