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SECTION 01 9113 

GENERAL COMMISSIONING REQUIREMENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. OPR and BoD documentation are included by reference for information only. 

1.2 SUMMARY 

A. Section includes general requirements that apply to implementation of commissioning without 

regard to specific systems, assemblies, or components. 

B. Related Sections: 

1. Section 23 0800 "Commissioning of HVAC" for commissioning process activities for 

HVAC&R systems, assemblies, equipment, and components. 

1.3 DEFINITIONS 

A. BoD:  Basis of Design.  A document that records concepts, calculations, decisions, and product 

selections used to meet the OPR and to satisfy applicable regulatory requirements, standards, and 

guidelines.  The document includes both narrative descriptions and lists of individual items that 

support the design process. 

B. Commissioning Plan:  A document that outlines the organization, schedule, allocation of 

resources, and documentation requirements of the commissioning process. 

C. CxA:  Commissioning Authority. 

D. OPR:  Owner's Project Requirements.  A document that details the functional requirements of a 

project and the expectations of how it will be used and operated.  These include Project goals, 

measurable performance criteria, cost considerations, benchmarks, success criteria, and 

supporting information. 

E. Systems, Subsystems, Equipment, and Components:  Where these terms are used together or 

separately, they shall mean "as-built" systems, subsystems, equipment, and components. 

1.4 COMMISSIONING TEAM 

A. Members Appointed by Contractor(s):  Individuals, each having the authority to act on behalf of 

the entity he or she represents, explicitly organized to implement the commissioning process 

through coordinated action.  The commissioning team shall consist of, but not be limited to, 
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representatives ofContractor, including Project superintendent and subcontractors, installers, 

suppliers, and specialists deemed appropriate by the CxA. 

B. Members Appointed by Owner: 

1. CxA:  The designated person, company, or entity that plans, schedules, and coordinates the 

commissioning team to implement the commissioning process.  Owner will engage the 

CxA under a separate contract. 

2. Representatives of the facility user and operation and maintenance personnel. 

3. Architect and engineering design professionals. 

1.5 OWNER'S RESPONSIBILITIES 

A. Provide the OPR documentation to the CxA andContractor for information and use. 

B. Assign operation and maintenance personnel and schedule them to participate in commissioning 

team activities. 

C. Provide the BoD documentation, prepared by Architect and approved by Owner, to the CxA and 

Contractor for use in developing the commissioning plan, systems manual, and operation and 

maintenance training plan. 

1.6 CONTRACTOR'S RESPONSIBILITIES 

A. Contractor shall assign representatives with expertise and authority to act on its behalf and shall 

schedule them to participate in and perform commissioning process activities including, but not 

limited to, the following: 

1. Evaluate performance deficiencies identified in test reports and, in collaboration with entity 

responsible for system and equipment installation, recommend corrective action. 

2. Cooperate with the CxA for resolution of issues recorded in the Issues Log. 

3. Attend commissioning team meetings held on a variable basis. 

4. Integrate and coordinate commissioning process activities with construction schedule. 

5. Review and accept construction checklists provided by the CxA. 

6. Complete paper construction checklists as Work is completed and provide to the 

Commissioning Authority on a weekly basis. 

7. Review and accept commissioning process test procedures provided by the Commissioning 

Authority. 

8. Complete commissioning process test procedures. 

1.7 CxA'S RESPONSIBILITIES 

A. Organize and lead the commissioning team. 

B. Provide commissioning plan. 

C. Convene commissioning team meetings. 
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D. Provide Project-specific construction checklists and commissioning process test procedures. 

E. Verify the execution of commissioning process activities using random sampling.  The sampling 

rate may vary from 1 to 100 percent.  Verification will include, but is not limited to, equipment 

submittals, construction checklists, training, operating and maintenance data, tests, and test 

reports to verify compliance with the OPR.  When a random sample does not meet the 

requirement, the CxA will report the failure in the Issues Log. 

F. Prepare and maintain the Issues Log. 

G. Prepare and maintain completed construction checklist log. 

H. Witness systems, assemblies, equipment, and component startup. 

I. Compile test data, inspection reports, and certificates; include them in the systems manual and 

commissioning process report. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 9113 
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SECTION 23 08 00 

FUNDAMENTAL COMMISSIONING OF KITCHEN ENERGY SYSTEMS AND PLUMBING 

EXCEPT COOKING EQUIPMENT  

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes commissioning process requirements for HVAC&R and plumbing systems, 

assemblies, and equipment except cooking equipment in kitchen. 

B. Related Sections: 

1. Section 01 91 00 "Commissioning" for general commissioning process requirements. 

1.2 DEFINITIONS 

A. Owner Project Requirements, OPR:  Outline of owner expectations.  

B. Basis of Design, BoD: Outline of Concept, Design Criteria and Equipment/System specifics. 

C. Commissioning Plan, CxP:  Outline of organization, schedule, allocation of resources and 

documentation of commissioning process. 

D. CxA:  Commissioning Agent: Entity that organizes commissioning. 

E. CxA:  Commissioning Authority: Person who conducts commissioning. 

F. Engineer of Record, EoR: Engineering design professional.  

G. Functional Performance Test, FPT: Procedure to verify manufacture, installation, start-up, 

operation and inter-relation of equipment and systems in which they operate.   

H. Final Report: Commissioning documentation in entirety incorporating descriptive analysis of 

commissioning process including but not limited to OPR, BoD, CxP and functional performance 

tests. 

I. HVAC&R:  Heating, Ventilating, Air Conditioning, and Refrigeration. 

J. Systems, Subsystems, Equipment, and Components:  Where these terms are used together or 

separately, they shall mean "as-built" systems, subsystems, equipment, and components. 

1.3 SUBMITTALS 

A. Constructor’s Quality Assurance/Control Submittals:   

1. Contractor’s Certificates of completion of installation, pre-start, and start-up activities. 

2. Contractor’s Certificates of readiness for Functional Performance Tests, FPT’s. 

3. Contractor to submit Testing, Adjusting and Balancing, TAB Report. 
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B. Commissioning Agent to distribute Final Report, prepared by Commissioning Authority. 

1.4 CONTRACTOR'S RESPONSIBILITIES 

A. Perform commissioning tests at direction of CxA. 

B. Participate in commissioning of HVAC&R systems including but not limited to RTU’s, 

cookline hoods, dishmachine exhaust system, fans, etc. assemblies, equipment, and component 

maintenance orientation and inspection as directed by the CxA. 

C. Participate in commissioning of plumbing systems including but not limited to grease trap, 

service water heater, service water circulation, solenoid valve and water flow controls for food 

grinder, assemblies, associated equipment, and component maintenance orientation and 

inspection as directed by the CxA. 

D. Submit information requested by the CxA for final commissioning documentation. 

E. Provide data loggers, thermographic cameras, measuring instruments and devices to record test 

data, and provide data acquisition equipment for trending logs in complete range of testing for 

the entire duration of testing period and subsequently for printouts and graphics of trend-logs. 

F. Review submittals, manufacturers documentation and reports. 

G. Identification of installed systems, assemblies, equipment, and components including design 

changes that occurred during the construction phase. 

 

H. Process and schedule for completing construction check-lists and manufacturer's pre-start and  

start-up check-lists for HVAC&R and plumbing systems, assemblies, equipment, and 

components to be verified and tested. 

I. Certifying that installation, pre-start checks, and start-ups have been completed. 

J. Certifying that HVAC&R and plumbing systems, sub-systems, equipment, and associated 

controls are ready for testing. 

K. Collect and submit test and inspection reports and certificates to CxA. 

L. Collect and submit corrective action documents to CxA. 

M. Verification of testing, adjusting, and balancing report. 

1.5 COMMISSIONING AGENT’S RESPONSIBILITIES 

A. Negotiate commissioning contract with owner. 

B. Disseminate commissioning information to project stakeholders. 

C. Establish schedule for commissioning. 

D. Appoint and introduce Commissioning Authority to project stakeholders. 
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E. Produce job description for Commissioning Authority. 

1.6          COMMISSIONING AUTHORITY’S RESPONSIBILITIES 

     A.    Prepare functional test procedures for energy systems and plumbing, applicable assemblies, 

equipment and components to be furnished and installed as part of construction contract. 

B. Verify testing, adjusting, and balancing of Work are complete and review TAB Report. 

C. Conduct commissioning process. 

D.      Prepare and submit Final Report. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

3.1 TESTING PREPARATION 

A. Contractor to certify that systems, sub-systems, and equipment have been installed, calibrated 

with valid calibration (within 6 months from date of calibration), started and are operating 

according to Contract Documents. 

B. Contractor to certify that testing, adjusting, and balancing procedures have been completed and 

that testing, adjusting, and balancing reports have been submitted, discrepancies are rectified, 

and corrective work is approved.  

C. Contractor to set systems, sub-systems, and equipment into operating mode to be tested (e.g., 

normal shutdown, normal auto position, normal manual position, unoccupied mode, emergency 

power, and alarm conditions). 

D. Contractor to inspect and verify the position of each device and interlock identified on check-

lists. 

E. Contractor to verify safety cutouts, alarms, and interlocks with smoke control and life-safety 

systems during each mode of operation. 

F. Contractor to supply and install Testing Instrumentation:  Install measuring instruments and 

logging devices to record test data as directed by the CxA. 

3.2 TESTING AND BALANCING VERIFICATION 

A. Prior to performance of testing and balancing, contractor to provide copies of reports, sample 

forms, check-lists, and certificates to EoR. 

B. Contractor to notify CxA at least 10 days in advance of testing, adjusting and balancing; and 

provide access for CxA to witness testing, adjusting and balancing, at CxA’s discretion. 

C. Contractor to provide technicians, instrumentation, and tools to verify results of testing, 

adjusting and balancing of systems if required by and at direction of CxA. 
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1. CxA will notify contractor 10 days in advance of date of field verification.   

2. Contractor shall use the same instruments (model and serial number) that were used when 

    original data were collected. 

3. Failure of an item includes, other than sound, a deviation of more than 10 percent.  Failure of 

    more than 10 percent of selected items shall result in rejection of final testing, adjusting, and 

    balancing report.  For sound pressure readings, a deviation of 3 dB shall result in         

    rejection of final testing.  Variations in background noise must be considered. 

4. Contractor to remedy deficiency and notify CxA so verification of rectified failed portions can  

    be performed. 

3.3 GENERAL TESTING REQUIREMENTS 

A. Contractor to provide technicians, instrumentation, and tools to perform commissioning test at 

the direction of CxA. 

B. Scope of testing shall include entire installation, from central equipment through distribution 

system to terminals.  Testing shall include measuring capacities and effectiveness of operation 

and control functions. 

C. Test all operating modes, interlocks, control responses, and responses to abnormal or emergency 

conditions, and verify virtual response of building automation system controllers and sensors. 

D. Commissioning Authority shall prepare detailed test procedures for equipment, sub-systems 

and/or systems. 

E. Tests will be performed using design conditions as possible. 

F. Simulated conditions may need to be imposed using an artificial load when it is not practical to 

test under design conditions.  Before simulating conditions, contractor to calibrate testing 

instruments accordingly.  Contractor to provide at contractor’s cost and expense, the equipment 

to simulate loads.  Contractor to set simulated conditions as directed by CxA, document 

simulated conditions and methods of simulation.  After completion of test, Contractor to return 

settings to normal operating conditions. 

G. CxA may direct that set points be altered when simulating conditions is not feasible. 

H. CxA may direct that sensor values be altered with a signal generator when design or simulating 

conditions and altering set points are not practical. 

I. If tests cannot be completed because of deficiency outside the capacity of equipment or scope of 

system, CxA shall document the deficiency and report it to owner. After deficiencies are 

resolved/rectified, CxA to reschedule tests and contractor to make provisions accordingly. 

J. If test plan stipulates specific seasonal testing, contractor to complete appropriate initial 

performance tests documentation and schedule seasonal tests in compliance and coordination 

with CxA. 
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3.4 EQUIPMENT, SUB-SYSTEMS AND SYSTEMS TESTING PROCEDURE 

A. Contractor to provide technicians, instrumentation, tools and equipment to CxA for conducting 

tests. 

END OF SECTION 230800 
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SECTION 271500 - COMMUNICATIONS HORIZONTAL CABLING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This section provides the requirements for the installation of 4-pair unshielded twisted pair 
channels and Wifi antennas. Included in this section are the product requirements, installation 
requirements and testing requirements for the cable channels.  Contractor shall provide a 
complete and operational, as well as tested and documented 4-pair UTP system. 

B. Completely coordinate with work of other trades. 

1.2 REFERENCES 

A. NFPA 70 National Electric Code.  

B. Authority having jurisdiction (AHJ).  

C. Local Code  

D. UL® for wiring: UL® Standard 910 Test method for fire and smoke characteristics of cable 
used in air handling spaces.  Provide products that are UL® listed and labeled for such use.  
UL® testing bulletin. Underwriters Laboratories (UL®) cable certification and follow up 
program.  

E. American National Standards Institute/Telecommunications Industry Association/Electronic 
Industries Alliance.  

1. ANSI/TIA/EIA-568-B.1 - Commercial Building Telecommunications Cabling Standard 
Part 1: General Requirements.  

2. ANSI/TIA/EIA-568-B.2 - Commercial Building Telecommunications Cabling Standard 
Part 2: Balanced Twisted-Pair Cabling Components.  

3. TIA-569-B - Commercial Building Standard for Telecommunications Pathways and 
Spaces.  

4. ANSI/TIA/EIA-606-A - Administration Standard for Commercial Telecommunications 
Infrastructure.  

5. ANSI-J-STD-607-A - Commercial Building Grounding (Earthing) and Bonding 
Requirements for Telecommunications.  

6. ANSI/TIA/EIA-862 – Building Automation Systems Cabling Standard for Commercial 
Buildings.  

7. ANSI/TIA-942 – Telecommunications Standard for Data Centers. 

F. National Electrical Manufacturers Association (NEMA).  

G. NECA/BICSI 568-2006 Standard for Installing Commercial Building Telecommunications 
Cabling.  
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H. American Society for Testing Materials (ASTM).  

I. National Electrical Manufacturers Association (NEMA).  

J. NECA/BICSI 568-2006 Standard for Installing Commercial Building Telecommunications 
Cabling.  

K. American Society for Testing Materials (ASTM).  

L. Institute of Electrical and Electronic Engineers (IEEE Institute of Electrical and Electronic 
Engineers (IEEE). 

1.3 SUBMITTALS 

A. Product Data:  

1. The contractor shall submit product data sheets and samples for all products specified 
under this section.  

2. Products requiring submittals shall include but not limited to the following:  

a. All cabling and wire.  
b. Patch cables.  
c. All connectors and required tools.  
d. All termination system components for each cable type. 
e. All equipment room and telecommunications room horizontal cable management.  
f. All grounding system components.  
g. All firestop systems (including manufacturer published installation requirements).  
h. All cable raceways and support hardware.  
i. Other apparatus required for a complete and functional system.  

3. Products requiring samples shall include but not limited to the following:  

a. All cabling and wire. 
b. Patch cables. 
c. All connectors and required tools. 
d. All termination system components for each cable type. 
e. All equipment room and telecommunications room horizontal cable management. 
f. All grounding system components. 
g. All firestop systems (including manufacturer published installation requirements). 
h. All cable raceways and support hardware. 

4. Drawings: 

a. The contractor shall submit shop drawings. 
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5. Project Closeout Data: 

a. The contractor shall submit test documentation. 

6. As-Built Documentation: 

a. The contractor shall submit As-Built documentation. 

PART 2 - PRODUCTS 

2.1 CATEGORY 6A CHANNELS 

A. Cable  

1. All Category 6A UTP cables shall be General Cable Gen Speed enhanced P/N 7131 4-
pair, 23/24 gauge solid conductor UTP and shall terminate on 8-pin modular jacks at each 
information outlet. Coordinate color with owner. 

2. All cable jacket material shall conform to article 800 NEC for use as plenum or non-
plenum cables. Cables shall be UL® type CMP (plenum), CMR (riser) or type CM 
(general) as appropriate.  All cables running in raised floor space shall be plenum rated.  

3. All cable shall be tested and guaranteed to meet or exceed the requirements for Category 
6A performance as defined in ANSI/TIA/EIA-568-B.2, and be part of the UL® LAN 
certification and follow-up program.  

4. Category 6A cables are intended for use in data applications including but not limited to 
100Base-T, 1000Base-T, and 1000Base-TX.  

5. Cable shall have the following electrical requirements in accordance with ASTM D4566:  

a. Resistance <=9.38 ohms per 100m at 20ºC.  
b. Resistance unbalance between 2 conductors of any pair <=5% at 20ºC.  
c. Capacitance @1 kHz @20ºC <=330 pF/100m.  
d. Characteristic impedance 100 ohms + 15% from 1MHz to highest referenced 

frequency. 

6. Cables shall meet the following physical requirements:  

a. Shall consist of four (4) 23/24 AWG twisted pairs.  
b. Shall be suitable for the environment in which they are to be installed.  
c. The overall diameter of the cable shall be less than 0.25 inches.  
d. Cable shall withstand a bend radius of 4 times the cable diameter at -20ºC without 

damage to jacket or insulation and shall have min. ultimate breaking strength of 90 
lb/ft. 

7. Provide all installation materials and consumables including straps, mounting hardware, 
hangers, fire stop material, labels, etc. 
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8. Plenum:  

a. Shall be plenum rated and meet applicable requirements of ANSI/ICEA S-80- 576 
for plenum. All four pairs must be insulated with F.E.P. No constructions that use 
mixed insulation materials will be allowed. 

B. Telecommunications Outlets:  

1. RJ45 jacks shall be Panduit CJ688TGXX. Coordinate color with owner and plan notes. 
2. Category 6 Information Outlets shall meet the following requirements:  

a. All Category 6 information outlets shall meet or exceed NEXT and all other 
Category 6 transmission performance requirements for connecting hardware, as 
specified in ANSI/TIA/EIA-568-B.2 Commercial Building Telecommunications 
Cabling Standard and be part of the UL® LAN Certification and Follow-up 
program.  

b. All Category 6 information outlets shall be capable of being utilized in a modular 
patching situation or as a modular telecommunication outlet (TO) supporting all 
intended data applications including but not limited to 100Base-T, 1000BaseT, and 
1000Base-TX. 

3. Faceplates:  

a. Faceplates shall be Panduit CFPL4XX, coordinate color with owner. 
b. UL® listed and CSA certified.  
c. Constructed of high-impact, ABS plastic UL® 94V-0 construction (except where 

noted otherwise).  
d. Faceplates shall be available in a variety of colors to match other utilities or 

raceways installed.  
e. Possess recessed designation windows to facilitate labeling and identification.  
f. Shall include a clear plastic cover to protect labels in the designation window.  
g. Have mounting screws located under recessed designation windows. 
h. Comply with ANSI/TIA/EIA-606-A labeling specifications.  
i. All unused ports shall have a blank cover, Panduit P/N CMBWH-X coordinate 

color with owner. 

C. Network Access Switch 

1. 48 Gigabit copper 10/100/1000Base-T Ports UPOE 
2. 2 dedicated SFP ports with SFP+ fiber modules 
3. Provide rack mounts 
4. Provide all required cables, modules and or adapters for connection to existing fiber 

demark located in MDF 
5. Install, load, and configure switch; Coordinate with UDC OIT for all configuration 

requirements. 
6. Switch control and security configuration per UDC OIT Requirements 
7. UDC OIT shall perform final configuration of port security. 
8. Acceptable Materials: 

a. Shall be (1) Cisco Catalyst 3850 Series WS-C3850-48P-S with SFP+ fiber module. 
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D. Uninterrupted Power Supply (UPS) 

1. Provide (1) 19”  2 RU Rack-mounted 3 kVA UPS 
2. Input connection NEMA L6-20P  
3. Outputs: (12) NEMA 5-20R (Battery Backup) and (2) NEMA L6-20R (Battery Backup) 
4. With 208V to 120V step down transformer 2 RU 
5. Nominal voltage output 120V , 208V 
6. 2.7 KWatts max configurable power 
7. With SMARTNET 24x7 4yr. warranty 1 base + WEXTWAR3YR-SP-05 extended 

warranty 
8. Network and Environmental Monitoring Capable via APC AP9631 with temperature 

probe.  
9. Rack mountable 4 RU total size 
10. Acceptable Materials: 

a. APC SRT3000RMXLT-5KTF,  with APC WEXTWAR3YR-SP-05, and APC 
AP9631, or approved equal  

E. Wireless Access Points: 

a. Shall be Cisco Aironet 3802i-B-K9, coordinate with owner. 

F. Termination Hardware:  

1. Patch Panels:  

a. Shall be Panduit DP48688TGY. 
b. Patch panel shall be high density such that 48-ports occupy 2 rack units, 96 ports 

shall not be used.  
c. Shall use Category 6, UMJ8 RJ45 jacks in 6- or 8-port modules. 
d. Patch panel jack (UMJ 8 position/8 conductor) shall terminate to a 110D type 

insulation displacement contact, printed circuit board or lead frame mounted 
connector.  

e. Patch panel jack shall be universal modular jack, 8 positions, un-keyed unless 
noted otherwise.  

f. Patch panel jack shall support termination of 22, 24 and 26 AWG solid conductor, 
four pair, unshielded twisted pair copper cable.  

g. Patch panel shall have cable management bar to ensure proper bend radius and 
strain relief.  

h. Patch panel shall have the ability to accept color-coded identification tabs and port 
protecting shutters. 

i. Patch panel shall be compliant with ANSI/TIA/EIA-606-A labeling specifications. 

2.2 COAXIAL CABLE CHANNELS 

A. General Coaxial Cable Requirements:  Broadband type, recommended by cable manufacturer 
specifically for broadband data transmission applications.  Coaxial cable and accessories shall 
have 75-ohm nominal impedance with a return loss of 20 dB maximum from 7 to 806 MHz. All 
coaxial cabling used for cable television CATV shall be quad shield type.  
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B. RG-6/U:  NFPA 70, Type CATV or CM. Quad Shield 
 

1. No. 16 AWG, solid, copper-covered steel conductor; gas-injected, foam-PE insulation 
2. Double shielded with 100 percent aluminum-foil shield and 60 percent aluminum braid 
3. Jacketed with black PVC or PE 
4. Suitable for indoor installations 

C. Coaxial Connectors 

1. Coaxial-Cable Connectors:   
2. F-Connector, 75 ohms, compression type. (for CATV) 

PART 3 - EXECUTION 

3.1 CABLING ROUTING AND INSTALLATION 

A. All communications cabling used throughout project shall comply with the requirements of the 
National Electrical Code (NFPA 70) articles 725, 760, 770 and 800 in addition to all local 
codes.  All copper cabling shall bear CM, CMR, CMP and/or other appropriate markings for the 
environment in which they are installed.  

B. Cables running in cable tray or duct shall not be bundled.  Cables in these areas shall be loosely 
arranged to minimize alien crosstalk.  

C. Structural concrete on steel members shall not be drilled or pierced without prior approval from 
a licensed structural engineer and the authority having jurisdiction.  

D. All cable shall be installed utilizing an independent cabling support system.  Cables shall not be 
attached to ceiling grid supports and shall not be laid directly on the ceiling grid.  Cables shall 
not be attached to conduits, pipes, or ducts. 

E. Cable shall not be attached to or supported by fire sprinkler systems components or any 
environmental sensor located in the ceiling space.  

F. All cable runs between the termination hardware and the telecommunications outlet shall be 
continuous without any splices.  

G. Contractor shall schedule work under this contract in a manner so as to complete all above 
ceiling work prior to the installation of ceiling tile.  If ceiling tiles are to be removed, the 
Contractor shall coordinate the activity with other trades.  

H. Cabling shall not be run adjacent to or parallel to power cabling on fluorescent lighting fixtures.  

1. Maintain at least 6 inches of clearance away from fluorescent light fixtures and electrical 
conductors up to 2 kVA.  

2. Maintain at least 24 inches of clearance away from electrical conductors up to 5 kVA.  
3. Maintain at least 36 inches of clearance away from electrical cabling more than 5 kVA.  
4. When cabling is required to crossover electrical conductors, they must do so at a 90 

degree angle.  
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5. Electrical cabling is not permitted to lie on top of communications cabling. 

I. J-Hooks installation spacing shall meet or exceed the manufacturer or local code requirements.  
Standard J-hook spacing is not to exceed 5 feet on center.  No more than 48 cables are permitted 
per J-hook unless cabling manufacturer installation requirements permit it.  Cables installed in 
J-hooks shall be secured using approved cable ties.  

J. Cable Trays shall be securely fastened in place using approved materials and methods as 
recommended by the manufacturer or AHJ.  All supporting rod installation intervals shall be for 
the full load rating of the cable tray, not the rating of the tray with the planned volume of 
cabling.  Cable fill for cable trays is not to exceed 40% of the maximum fill capacity rating of 
the support allowed by the manufacturers or local AHJ.  

K. Cabling placed in ceiling spaces shall maintain:  

1. 3 inches of clear vertical space above cabling and conduits.  
2. 12 inches of clear vertical space above the cable tray.  
3. 3 inches of clear vertical space between the top of the ceiling grid and the bottom of the 

cable tray.  
4. 3 inches of clear vertical space between the top of the ceiling grid and structured cabling.  
5. Cabling passing from fire rated areas shall be fire stopped to meet local and national 

codes.  
6. Cabling passing from one floor level to another should be fire stopped unless cabling is 

placed inside a fire rated shaft and meets the approval of the AHJ. 

L. All telecommunications cabling installed within ceiling spaces or below raised access floors 
shall be routed parallel or perpendicular to building structure.  

M. The minimum bend radius, under no-load conditions, for 4-pair UTP cables shall be one (1) 
inch or four times the diameter of the cable across its major axis, whichever is greater.  

N. Open cable tray fill ratio shall not exceed 30% or as allowed by code or the AHJ.  

O. Cable fill-in conduits and enclosed raceways shall not exceed 38% or as allowed by code or the 
AHJ.  

P. All cabling shall be labeled per specifications and as indicated on drawings. 

3.2 HORIZONTAL CABLING 

A. Contractor shall provide horizontal cables to connect each telecommunications outlet to the 
backbone subsystem on the same floor unless noted otherwise.  

B. Terminate each horizontal cable onto a dedicated telecommunications outlet and onto 
termination hardware in the Telecommunications Room (TR).  

C. Unless noted otherwise on the telecommunications drawings or elsewhere within this document, 
the type of horizontal cables used for each telecommunications outlet shall be 4-pair unshielded 
twisted pair (UTP).  



UDC Bertie Backus Campus - CAUSES Kitchen  Addendum-01 
Project No.: W16-008  November 20, 2017 
 

COMMUNICATIONS HORIZONTAL CABLING 271500 - 8 

D. The 4-pair UTP cables shall be installed using a star topology from the Telecommunications 
Room (TR) to each individual telecommunications outlet.  All cable routes shall be submitted 
and approved by Owner prior to installation of any cabling. 

E. The length of each individual run of horizontal cable from the termination point in the TR on 
each floor to the telecommunications outlet shall not exceed 295 feet (90M). 

END OF SECTION 271500 
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SECTION 274116 - AUDIOVISUAL SYSTEMS 

PART 1 - GENERAL 

1.1 REFERENCE TO OWNER’S GENERAL CONDITIONS 

A. The Owner’s / Project General Conditions shall be considered part of this Specification.  Unless 
this Section contains statements, which are more definitive or more restrictive than those 
contained in the Owner’s General Conditions, this Specification shall not be interpreted as 
waiving or overruling any requirements expressed in the General Conditions documentation. 

1.2 SUMMARY 

A. Statement of Work:  the work of this section includes, but is not necessarily limited to the 
following: 

1. Provide and install complete and operational Audiovisual System(s) as outlined in these 
specifications and related drawings and documentation requirements as set forth in this 
documentation. 

2. It is the responsibility of the Contractor to provide all wiring, plates, connections, 
equipment, rigging, all support means and miscellaneous equipment for complete and fully 
operational System(s) if specified in this or other related documents or not.  

3. Included Spaces: 
a. CAUSES Kitchen  

B. Provide for the coordination, provision, installation, inspection, testing, instruction, and 
warranties of the Audiovisual System(s). 

C. Provide all materials, equipment, transportation, and necessary labor for a complete and 
operational Audiovisual System(s). 

D. Additional contractor requirements: 

1. Required licenses, permits and low voltage permits including any required bonding or 
insurance requirements to comply with general conditions of specifications and contract 
documentation. 

2. Verification of the dimensions and conditions at the job site. 
3. Installation in accordance with the contract documentation, applicable installation 

procedures or codes as set forth by the state or county of the project or manufacturers’ 
recommendations. 

4. Submittal information and provisions. 
5. Documented Audiovisual System(s) testing procedures. 
6. Instruction of operating personnel. 
7. Manuals and provisions thereof. 
8. Maintenance and warranties. 
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1.3 RELATED DOCUMENTS 

A. General: Comply with all Contract Documents, including, but not limited to, Divisions 0, 1, 11, 
26, 27 and the general contract specifications.  

B. Related specification sections: 

1. Section 27 05 26 – Grounding and Bonding for Communications Systems 
2. Section 27 05 33 – Conduits and Back boxes for Communications Systems 

1.4 RELATED WORK 

A. The Contractor shall coordinate with Electrical Contractor on raceway / junction box locations 
for equipment and routing of cables / raceway from equipment, terminal and pull boxes to system 
equipment racks and or wall fields. 

B. Related Work:  Equipment and materials provided and installed by others, unless otherwise 
shown in this Section or the Drawings, shall include but are limited to: 

 
1. Section 26 05 26 – Grounding and Bonding for Electrical Systems 
2. Section 26 05 29 – Hangers and Supports for Electrical Systems 
3. Section 26 05 33 – Raceway and Boxes for Electrical Systems 

1.5 DEFINITIONS: 

A. Regardless of their usage in codes or other industry standards, certain words or phrases as used 
in the Drawings or Specifications for the Work, shall be understood to have the specific meanings 
as ascribed to them in the following list: 

1. The term “Contractor” – Integrator who has been awarded the contract to perform the work 
under this section. 

2. The terms “shall” is mandatory, “will” is informative, and “should” is advisory. 
3. “Provide” – To supply, install, connect, and configure, for safe intended normal operation. 
4. The terms “Indicated”, “shown”, or “noted” – As indicated on drawings or specifications. 
5. The terms “Equivalent”, “similar”, or “equal” – equal in materials, size, color, design, and 

efficiency of specified product, conforming to base bid manufacturer selections. 
6. The terms “Reviewed”, “satisfactory”, “accepted”, “approved”, “directed” – As reviewed, 

satisfactory, accepted, approved, or directed by the Owner or Owner’s Representative. 
7. The term “Professional grade” – Equipment that is intended for commercial use, not 

residential, use and is rated for continuous 24-7 use. 
8. The term “User-friendly controls” – Touch screen graphical user interface (GUI) or other 

graphical controls that are intuitively configured for ease of use in a logical, easily 
recognizable, configuration that utilizes industry standard symbols wherever applicable. 

9. The term “Labels” – refer to labels on audio-visual equipment as outlined in Section 3.4. 
10. The term "OFE" refers to items that are Owner Furnished Equipment 
11. The term "OFCI" refers to items that are Owner Furnished Contractor Installed Equipment 
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1.6 REFERENCE STANDARDS, REFERENCE MATERIALS AND/OR CODES  

A. Applicable Codes and Standards: 

1. Systems shall be installed in accordance with the latest applicable revisions pertaining to 
all applicable national, state, and local codes and standards including, but not limited to the 
following: 

a. International Building Code / BOCA National Building Code 
b. Local Governing Authorities Having Jurisdiction 
c. NFPA-72 National Fire Alarm and Signaling Code 
d. UL Listed- Underwriter's Laboratories Listed 

2. IEC 60268-16 Third Edition 2003-05 Objective rating of speech intelligibility by speech 
transmission index 

3. AES: 

a. AES3-1-2009 (r2014): AES standard for digital audio 
b. AES5-2008 (r2013): AES recommended practice for professional digital audio 
c. AES10-2008 (r2014): AES Recommended Practice for Digital Audio Engineering 
d. AES14-1992 (s2014): AES standard for professional audio equipment 
e. AES31-2-2012: AES standard on network and file transfer of audio - Audio-file 

transfer and exchange 
f. AES47-Am1-2008: Amendment 1 to AES47 - AES standard for digital audio - 

Digital input-output interfacing - Transmission of digital audio over asynchronous 
transfer mode (ATM) networks 

g. AES50-2011: AES standard for digital audio engineering - High-resolution multi-
channel audio interconnection 

h. AES54-2-2008 (r2013): AES standard on interconnections - Grounding and EMC 
practices - Shields of balanced audio wiring within fixed and portable passive 
connector panels, jack fields, and passive microphone splitters 

i. AES54-3-2008 (r2013): AES standard on interconnections - Grounding and EMC 
practices - Shields of balanced microphone-level outputs of active equipment other 
than microphones 

j. AES67-2015, methods for high-performance streaming audio-over-IP network 
interoperability. 

k. AES70-1-2015: AES standard for audio applications of networks - Open Control 
Architecture - Part 1: Framework 

l. AES70-2-2015: AES standard for audio applications of networks - Open Control 
Architecture - Part 2: Class structure 

m. AES70-3-2015: AES standard for audio applications of networks - Open Control 
Architecture - Part 3: Protocol for TCP/IP Networks  

4. ANSI/ INFOCOMM:  

a. 1M:2009 Audio Coverage Uniformity  
b. 2M:2010 Standard Guide for Audiovisual Systems  
c. 3M-2011 Projected Image System Contrast Ratio 
d. 10:2013 Audiovisual Systems Performance Verification 
e. 01:2016 Display Image Size for 2D Content in Audiovisual Systems 
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5. ANSI / TIA / EIA: 

a. TIA-222 STRUCTURAL STANDARD FOR ANTENNA SUPPORTING 
STRUCTURES AND ANTENNAS  

b. TIA-455-78 Revision B, FOTP-78 IEC 60793-1-40 Optical Fibres - Part 1-40: 
Measurement Methods and Test Procedures – Attenuation  

c. TIA 568-B.1-2000 Telecommunications Standard 
d. TIA-568-C.2 BALANCED TWISTED-PAIR TELECOMMUNICATIONS 

CABLING AND COMPONENTS STANDARDS  
e. TIA/EIA-569-A-1995 (Commercial Building Standard for Telecommunications 

Pathways and Spaces) 
f. TIA / EIA: 606a Telecommunications Infrastructure Standard 
g. TIA / EIA: 607 Grounding and Bonding Requirements  
h. EIA/CEA: 861 A DTV Profile for Uncompressed High Speed Digital Interfaces.  
i. TIA-862 Revision B, February 29, 2016  Structured Cabling Infrastructure Standard 

for Intelligent Building Systems Document History  
j. EIA 232-D Interface between Data Terminal Equipment and Data Circuit-

Termination Equipment Serial Binary Data 
k. EIA RS-310-C Racks, Panel, and Associated Equipment  

6. Dante: Audinate Pty. Ltd. 

a. Uncompressed, multi-channel, low-latency digital audio over a standard Ethernet 
network using Layer 3 IP packets 

7. HDBaseT: Valens  

a. HDBaseT 1.0 HD and 2K 
b. HDBaseT 2.0 HD 2K and 4K 

8. SMPTE / IEEE: 

a. ST 348:2005 - SMPTE Standard - For Television — High Data-Rate Serial Data 
Transport Interface (HD-SDTI) / 292M – SMPTE SDI 

b. ST 425-3:2014 - SMPTE Standard - Image Format and Ancillary Data Mapping for 
the Dual Link 3 Gb/s Serial Interface  

c. ST 2081-10:2015 SMPTE Standard - 2160-Line and 1080-Line Source Image and 
Ancillary Data Mapping for Single-Link 6G-SDI 

d. ST 2082-10:2015 - SMPTE Standard - 2160-line Source Image and Ancillary Data 
Mapping for 12G-SDI 

e. IEEE 802.1 AVB (Audio Video Bridging) 

9. Video Coding Experts Group VCEG 

a. H.262[1] or MPEG-2 Part 2 
b. H.263 
c. H.264/MPEG-4 AVC 
d. H.264 or MPEG-4 Part 10 
e. H.265 or High Efficiency Video Coding (HEVC), 
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10. AUDIO REFERENCE PUBLICATIONS: 

a. Handbook for Sound Engineers The New Audio Cyclopedia (Howard W. Sams, 
Indianapolis, Indiana 1987) Davis  

b. Sound System Design and Optimization (Focal Press) Bob McCarthy 
c. Sound System Engineering, Second Edition (Howard W. Sams, Indianapolis, 

Indiana 1987) Davis 

11. VIDEO REFERENCE PUBLICATIONS: 

a. National Association of Broadcasters Engineers Handbook (latest edition) 
b. Digital Video and HD, Second Edition: Charles Poynton  

12. FIBER OPTIC REFERENCE PUBLICATIONS 

a. Refer to the fiber optic cable manufacturers design guide: i.e. SIECOR  
1) Siecor Universal Transport System (UTS) Design Guide, Siecor Corp., 1988 

Brochure #CC-110  
b. Also refer to the following standards committees:  

1) ANSI: (IEEE) 802.8  Proposed Fiber Distributed Data Interface  

1.7 SCOPE OF WORK REQUIREMENTS 

A. The Contractor shall provide Audiovisual System(s) compatible with the Owner’s 
communications systems (i.e. telephone, video, and computer systems) and operations. 

B. The Contractor shall provide equipment that, where required, shall conform to the applicable 
requirements of the Underwriters Laboratories, Inc., local codes, the National Electrical Code and 
any other governing codes. Such items shall bear a label or mark indicating their conformance to 
the above requirements. 

C. The Contractor shall provide complete and operational system(s) configured and installed for 
user-friendly operation and low maintenance.  

1. Provide for reprogramming of the remote control software two (2) times, as directed by the 
Owner’s Representative and or Consultant.  

2. Provide for two (2) level adjustments of the Audio System(s), as directed by the Owner’s 
Representative and or Consultant.  

D. On-site factory technical support shall be provided, if necessary, to assure optimized 
configuration and performance of installed equipment and systems. 

E. The Contractor shall restore all finish hardware to original condition including painting, ceiling 
modifications, and attachments as specified in Division 09 Finishes. All finishes shall be approved 
by the Architect and or Owner’s Representative. 

F. Installation work shall be in compliance with all Contract Documents, all applicable standards, 
governing codes, regulations and authorities having jurisdiction. 

https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&text=Charles+Poynton&search-alias=books&field-author=Charles+Poynton&sort=relevancerank
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G. The Contractor shall validate exact location and installation of the equipment, power, conduit, 
and raceway systems and coordinate exact location and installation of the equipment, power, 
conduit, and raceway systems with the Architect and or Owner’s Representative. 

H. All finalized software affiliated with the equipment, including but not limited to, the audio DSP, 
Control System, etc. is the property of the Owner and will be provided on labeled CDs or 
electronic media for archival purposes at project acceptance. 

I. The Contractor shall supply all control software, programming service codes, programming notes, 
files interactive source codes, all media and associated software, touch panel design, all 
passwords, licenses, dangles and “keys” or other associated control or programming items at no 
additional cost to the Owner at commissioning. 

1.8 SYSTEM(S) DESCRIPTION AND REQUIREMENTS 

A. The following is a basic system(s) description and is not intended to be all-inclusive for proper 
installation or operation of system(s).  The AV specification and the AV Bid Set drawings need 
to be fully reviewed together to ensure design intent and listing of design intent equipment is 
completely understood. 

1. The Bid proposal will include all labor and cabling for all optional / add alternate 
equipment listed in specification and AV Bid set drawings. Please list as separate budgetary 
items.    

B. Included Audiovisual Spaces: 

1. CAUSES Kitchen: 

a. Overview 
1) The CAUSES Kitchen is an educational space with the capability for 

audiovisual presentation. 
b. Playback Sources 

1) Provide inputs and outputs used to support user and UDC furnished portable 
equipment.  

c. Audio Equipment 
1) Provide audio digital signal processors (DSP) type 1, configured for public 

address, recording and web streaming.  
a) Provide all DSP expanders, input modules and processing as required. 

2) Provide ADA/Assistive Listening System (ALS) emitter (RF2) and receivers. 
IR transmitter is located in the IT Room (JB1). Provide receivers, ear buds 
and neck loops per ADA requirements.  

3) Provide two channel 70V audio amplifier, rack mounted.  
4) Provide ceiling mounted Public Address Speakers (S)  
5) Provide Wireless Hand held transmitter and belt pack microphone transmitter 

with lavaliere microphone combo system, with receivers are located in the 
AV Rack Room (JB1).  

6) Provide Wireless microphone antennae (RF1) and antenna distribution 
system Place antennae to allow for use without RF dropout.  

d. Video Equipment  
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1) Provide large flat panel interactive display (FP1) surge protection and wall 
mounts.  

2) Provide digital video matrix switch, rack mounted.  
3) Provide multi-format digital video transmitters located on wall plate(s) 

(WP1).  
a) Transmitters shall support VGA, HDMI and display port connectivity 

via adapter.  
4) Provide HDMI receivers, wall mounted behind flat panel display (FP1) 
5) Provide ceiling mounted pan tilt zoom camera.  
6) Provide digital video recorder / web streaming appliance.  
7) Provide portable cables for the following video sources: 

a) VGA and audio cable 
b) HDMI cable 
c) Display port to HDMI cable / adapter.  

e. Control equipment 
1) Provide Control Processor (CONTROL) with all required input / output 

interfaces and control connectivity. 
2) Provide Control Touch Panel (TP1)   
3) Provide Web control access supporting user I-pad or tablet device control.  
4) Provide user and technical control functions for the wall mounted panels as 

well web controls.  
5) Provide USB extenders and switching to facilitate USB connectivity from 

user devices to large flat panel interactive display.  
6) Control functionality shall be arranged in an intuitive fashion based on 

specific room uses and device functions. A separate password protected logon 
would provide technical support access that would include all device specific 
functions and commands.  

7) User controls: (TP1) 
a) Room use selections: 
b) Presentation flat screen: (icon based selection) 

I. Turns on flat panel and asks user to select input source between 
wall inputs and digital video recorder / web streaming appliance 

II. USB control connections to follow input source selections.  
c) Presentation recording: (icon based selection) 

I. Pops up control menu for recording / streaming engine.  
II. Provide start / stop for both recording and streaming functions.  

d) Audio: 
I. Overall microphone levels and mute  

e) Room power: (icon based selection) 
I. When selected a conformation popup will ask the question “Do 

you want to shutdown AV and end your meeting?” If yes is 
selected the room will mute audio and turn off flat panel. 

f) Help Screens:  
I. The touch panel shall contain user help screens and prompts to 

aid a new user in the operation of the system and configuration 
options.  

8) Technical controls: (TP1)  
a) Technical Controls: (icon based selection) 



UDC Bertie Backus Campus - CAUSES Kitchen  Addendum-01 
Project No.: W16-008  November 20, 2017 
 

 
 
AUDIOVISUAL SYSTEMS   274116 - 8  
 

I. Pushing this button opens dialog that asks for user name and 
password to proceed to the following control functions.  

b) System power on and off: 
I. Turns on the audiovisual system for use and turns off the system 

either via user command and or set as an automatic power off 
by time of day. Some parts of the system will be required to 
remain on in an off condition such as control system 
components, wireless access points and network switches.  

c) Audio: 
I. Individual microphone levels and mutes associated with space.  

II. Master mixer volume and mute. 
d) Video  

I. Source and destination selections based on graphical input and 
output locations.  

9) Provide Managed Ethernet Switch (NETWORK SWITCH JB1) for AV 
controls, digital audio, web control uses.  
a) Provide virtual local area network (LAN) within the network switch 

for audio video bridging (AVB) traffic.  
b) Provide virtual local area network (LAN) within the network switch 

for audiovisual control traffic with connection to the facility wired and 
wireless network to facilitate web controls within the facility.  

f. Miscellaneous Equipment 
1) Provide Equipment within telecommunications cabinet Rack(s) (AVR). 

a) Provide Surge Suppressor (Power Dist.) 
b) Provide all adapters, plates, panels cables as required for a complete 

and working system.  

1.9 RELATED WORK 

A. Conduits: 

1. It is the Contractors responsibility to review all conduit runs, junction boxes, and electrical 
outlet cable trays provided and installed under Division 26 and provide fit-up and 
coordination drawings as required for proper communication and understanding between 
trades. 

2. Provide a written acceptance of all field conditions or a list of any discrepancies within ten 
(10) working days from Notice to Proceed. 

1.10 DELIVERY, STORAGE, AND HANDLING 

A. The Contractor shall carefully control handling and installation of all items which are not 
replaceable, so that completion of the work will not be delayed by hardware or equipment losses 
before, during, and after installation. The Contractor is responsible for all items until Final 
Acceptance. 

B. The Contractor shall, prior to installation, protect exposed surfaces with material which is easily 
removed without marring finishes. 
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C. The Contractor shall, without cost to the Owner/Consultant, replace any products damaged during 
storage, handling or during installation. 

1.11 SCHEDULING 

A. The Contractor shall submit a schedule to the Owner/Consultant for approval within 10 (ten) 
working days from notice to proceed. The schedule shall show sequence of work, etc. from time 
of Notice to Proceed to final sign off. This schedule shall be submitted in Microsoft Project (or 
similar program) in both paper and electronic format, with submittals. 

B. It is the responsibility of the Contractor to coordinate the installation of the system(s) to be 
compatible with the work of the other trades. The Contractor shall attend progress meetings and 
provide continuous on-site project management. 

C. It is the responsibility of the Contractor to arrange with the Owner/Consultant a mutually 
acceptable time and date(s) for Acceptance Testing, based upon project dates and schedule 
provided, based upon the dates provided in the Solicitation. 

D. The Contractor shall provide operating personnel with extensive training for each system type 
and/or room type as outlined in Section 1.5 SYSTEM(S) DESCRIPTION AND 
REQUIREMENTS. 

1.12 PROJECT SCHEDULE  

A. A (mandatory) pre-bid site visit on, DATE at TIME will be utilized to allow the Contractor to 
review the current jobsite conditions and define special requirements. 

B. All Requests for Information (RFI) shall be directed to the Consultant and should be received by 
Close of Business (COB) on DATE.    

C. All bids must be received at the Warrenton office of Polysonics to the attention of the Consultant.  
All bid proposals (electronic copy) are due to Polysonics no later than TIME on DATE.   

D. Hard copies of the bid proposals will be accepted by TIME on DATE.     
1. Please submit three hard copies.   

E. The opening of the bid proposals will be held between Polysonics and the Owner’s 
Representative, with no bidders present.   

1.13 BID/TECHNICAL PROPOSALS 

A. A mandatory pre-bid site visit will be utilized to allow the contractor to see the current jobsite 
conditions. This meeting will be scheduled in advance with the Owner’s Representative. 

B. The Contractor shall be experienced in the provision of systems similar in complexity to those 
required for this project and Contractor shall provide documentation demonstrating the below 
minimum criteria: 
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1. The primary business of the Contractor/Installer shall be the installation of audio or video 
systems. 

2. At least three (3) years’ experience with the specified equipment and systems. 
3. Experience with at least one project of similar size and complexity as outline in these 

specifications. 
4. Be an authorized dealer and service facility for the products specified and furnished. 
5. Maintain a technically trained installation crew and service crew for maintenance and 

installation of the specified system(s). 
6. Lead Installer shall have attended factory training in DSP and digital format for equipment 

specified in this specification. 
7. Contractor shall demonstrate that the installation staff consists of 50% CTS-I trained 

personnel and have at least one (1) CTS-D on staff. 
8. Final Audiovisual System(s) configurations shall be approved by the Owner’s 

Representative, Architect and Consultant. 
9. Upon request of the Owner/Consultant, Contractor shall demonstrate that he has: 

a. Sufficient facilities and equipment for this work. 
b. Sufficient staff with the appropriate technical expertise and experience for this 

project. 

10. All Bid proposals shall be valid for ninety (90) days from date received. 
11. Any deviations from specified equipment must be explained in full detail including reasons 

for any deviations and product comparisons to the originally specified product.  Submission 
of said comparisons does not constitute acceptance of changes and in fact may be declined.  
If substitutions are rejected/declined, Contractors bid may be rejected for “non-
responsiveness” unless a bid has been supplied with “as-specified” equipment. 

C. Provide a list of five (5) references with locations, names of contacts, and contact phone and email 
information with brief system descriptions and dollar amounts for each reference. References 
shall be no more than three (3) years old and be of similar size, type, and complexity as the system 
set forth. 

D. Provide a detailed equipment list in Microsoft Excel format (both hard copy and electronic) 
showing Item Number, Item Description, Manufacturer, Part Number, Quantity, and Price. This 
equipment list shall be generated from this document, related project documents and drawings, 
manufacturer requirements, and RFI responses as applicable. 

1.14 PRE-BUILD AND FINAL SUBMITTALS 

A. Provide the following for approval no later than thirty (30) days after Notice to Proceed and prior 
to commencement of work: 

1. A complete list of all products incorporated within the work with all quantities listed. Each 
product shall be listed with specification section references in Excel format. 

2. Complete functional diagrams of each system required for a complete and operational 
system with descriptive narratives of any deviations from the specified system design. 

3. All shop drawings defined as required. 
4. Suspended loudspeaker rigging design/details with a Professional Engineer’s certification 

as described in section 3.5. 
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5. Contractor shall supply to Consultant / owners’ representative, all DSP and control 
graphical user interface layouts for review and comment and approval.  Contractor shall 
provide any necessary adjustments to software as deemed by the Consultant and or 
Owner’s Representative. 

B. Shop Drawings: 

1. Shall not be smaller than 24”x36” and shall be sized as appropriate for thorough 
understanding of system(s). 

2. Shall be scaled appropriately but not less than 1/8” =1’. 
3. Shall show detailed schematic wiring diagrams showing interconnection of Contractor-

provided components and fabricated products, wiring and cabling diagrams depicting cable 
types, and device designators. Each component shall have a unique designator and use 
same designator throughout the project. 

4. Shall show location of all equipment in racks, consoles, or on tables, with complete 
dimensions, wire routing, and cabling. 

5. Shall show all AC power outlet locations and terminal strip locations within each 
equipment rack including all sequencing as required for proper start-up and shut down. 

6. Shall show plans and sections of the building and adjacent grounds with the location of all 
installed equipment such as loudspeakers, racks, consoles, plates/panels, antennas, (etc.). 

7. Shall show patch panel layouts and labeling strips, including color schemes, as necessary. 
8. Shall show full fabrication detail of custom enclosures and millwork indicating 

dimensions, material, finish, and openings for equipment. 
9. Shall show all speaker mounting details including hardware types and load capacity. 

Structural information with design calculations and a copy of the PE’s certifications for 
each item/drawing. 

10. Shall provide complete drawings for all fabricated plates and panels. Drawings shall 
include dimensional locations of components, component type, engraving information, 
plate color information, and a complete bill of materials for each plate and sample plates 
per type. 

11. Shall show complete labeling schemes for all cabling and equipment components for 
project. Include font size and styles along with a sample cable label and equipment label. 
All labeling shall be consistent within the project scope. 

12. Shall show a complete wire schedule showing source and destination and indicating 
conduit location and sizing. Provide conduit sizing and layout coordination information. 
 
 

C. Submittal Format: (PDF version) 

1. Arrange product data in alphanumeric order by system type and room indicate on cut sheet 
the options provided. 

2. Separate major groupings Use multiple volumes / list of content 
3. Index product data sheets by manufacturer and model or part number. 
4. Each submittal shall include a unique numbering scheme and be numbered in consecutive 

order. 
5. Reference addendum or change order numbers as applicable. 
6. Reference specification section, part, article, paragraph, and/or drawing reference as 

applicable. 
7. Provide via pdf, posted to FTP, thumb drive and or CD / DVD ROM. 
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8. Each submittal shall include a complete table of contents with the following information: 

a. Project title and number. 
b. Submittal number. 
c. Date of submission. 

D. Submittal Format: (Printed Option if Required) 

1. Each submittal shall be in three-ring binders no larger than 3” spines and sized for 150% 
of material enclosed. Use multiple volumes if necessary. 

2. Arrange product data in alphanumeric order by system type and room. 
3. Separate major groupings with labeled binder tabs. 
4. Index product data sheets by manufacturer and model or part number. 
5. Each submittal shall include a unique numbering scheme and be numbered in consecutive 

order. 
6. Reference addendum or change order numbers as applicable. 
7. Reference specification section, part, article, paragraph, and/or drawing reference as 

applicable. 
8. Each submittal shall include a complete table of contents with the following information: 

a. Project title and number. 
b. Submittal number. 
c. Date of submission. 

1.15 PROJECT CONDITIONS 

A. Verify conditions on the job site applicable to this work. Notify Owner’s Representative / 
Consultant in writing of discrepancies, conflicts, or omissions promptly upon discovery. 

B. If conditions exist on the jobsite which make it impossible to install work as shown on the 
drawings or detailed in the specifications, recommend solutions and submit drawings showing 
how the work may be installed as well as an adjusted new schedule to the Consultant and Owner 
for approval. 

1.16 QUALITY ASSURANCE 

A. Provide and maintain an effective Quality Control program and perform sufficient inspections, 
surveys and tests of all items of work, including those of other trades, to ensure compliance with 
the contract documents.  Furnish appropriate facilities, accurately calibrated instruments and 
testing devices required to perform the quality control operations and with sufficient work forces 
to cover the installation operations within the actual installation sequences.  Coordinate this work 
with the quality control requirements of other technical Sections of the Specifications and with 
requirements of the Contractor and governing authorities having jurisdiction. 

B. Manufacturer Qualifications:  All system components shall be furnished by the manufactures of 
established reputation and experience who shall have produced currently operating audiovisual 
equipment and services. Manufacture shall be able to similar installations rendering satisfactory 
service. 
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C. Bidder Qualifications: The bidder shall furnish in writing to the Owner proof of compliance with 
the manufacturer’s system installation certification program. 

1. Hold all legally required state contractor’s licenses necessary to accomplish the installation 
and activation of the described system at the facilities indicated.  Contractor shall submit 
copies of licenses to the Owner prior to the start of work. 

2. Have a local office staffed with factory-trained technicians, fully capable of engineering, 
supervision installation, and system start-up. Providing the Owner training, and servicing 
hardware and software for systems of similar complexity and function as the system 
described in this specification. 

3. Indicate complete and total compliance with the provisions of this specification by letter, 
signed by an officer of the corporation, or a principal if other ownership currently exists.  
This letter shall also clearly identify any exceptions to specification requirements. 

1.17 PRE-INSTALLATION MEETING/SCHEDULE 

A. Prior to the start of the work, and at the Owner/Consultant's direction, meet at the project site to 
review methods and sequence of installation, special details and conditions, standard of 
workmanship, testing and quality control requirements, job organization and other pertinent 
topics related to the work.  The meeting shall include the Contractor, Contractor's Project 
Manager, the Owner/Consultant, and the General Contractor. Inspection and testing services (if 
any) and any other sub-Contractors whose work requires coordination with this work shall be 
coordinated. 

B. A Conduit/Wiring Analysis shall be conducted at the Pre-Installation Meeting.  The Contractor 
shall submit “as-built” drawings locating all existing conduit runs, junction boxes, and electrical 
outlets.  Show location and type of all special receptacle boxes and plates to be supplied and/or 
modified by the Contractor.  Verify and inspect all necessary conduits and outlets.  Provide with 
the submittals, a list of all conduits, boxes, and power changes necessary for installation of 
systems in each location. 

1.18 FINAL INSPECTION AND TESTING / COMMISSIONING 

A. Upon completion of installation and Contractor testing and commissioning (as outlined in 
sections 3.8-3.20, the Consultant shall perform system(s) inspection and testing (as outlined in 
section 3.21. 

B. To assist the Consultant, the Contractor shall provide a minimum of one person for inspection 
and two persons for testing who are familiar with all aspects of the specified system(s). 

C. The process of testing the system(s) may necessitate moving and/or adjusting certain components 
such as speaker aiming, transformer tap values, software adjustments, DSP adjustments. 

D. Testing will include operation of each system and all components. The Contractor will provide 
required test equipment, tools, and materials required to perform necessary repairs and/or 
adjustments. 
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E. In the event that adjustments or work is required during testing, or to bring the systems into 
specification, the Contractor shall continue his work until the system(s) are acceptable with no 
addition to the contract price. If approval is delayed due to defective equipment, and/or failure of 
equipment or installation that meets the requirements of this specification, the Contractor shall 
pay for additional time and expenses to the Owner at the rate specified by the Owner. 

F. All Control Systems shall be fully tested prior to commissioning.  Once the Control Programming 
is finalized all source code, programming, and touch panel software shall be burned on to a CD 
ROM or thumb drive, and delivered to the Owner.  All Control System programming (including 
source, files, touch panel design), and DSP files shall become the property of the Owner. 

1.19 WARRANTY 

A. All equipment provided by the Contractor shall be installed per manufacturer’s specifications and 
warranted by the Contractor for a period of one (1) year from the date of written acceptance to 
meet all performance requirements outlined herein. Warranties shall not be pro-rated. For all 
Owner-provided equipment, include pricing for an initial two year service contract. 

B. During the warranty period, no charges shall be made for any labor, equipment, or transportation 
to maintain performance and functions. 

C. The Contractor shall respond with a remedy to a trouble call within twenty-four (24) hours upon 
receipt of such a call, and shall provide a 24-hour service phone number. Downtime for system(s) 
shall be no longer than a 24-hour period. All replacement parts/components shall be of equal or 
higher level of service. 

D. Equivalent replacement equipment shall be temporarily provided when immediate on-site repairs 
cannot be made. 

E. At least two routine inspections and adjustment visits shall be scheduled for the first year, 
coordinated with Owner’s Representative. 

F. Provide a separate price for an optional yearly service contract for five (5) years, to begin at the 
end of the initial warranty and service contract. Provide details on coverage and options. 

G. The Contractor shall be present at the first use of the system (scheduled by the Owner), and one 
(1) additional event as requested by the Owner for no additional charge. 

1.20 INSTRUCTION OF OWNER PERSONNEL 

A. After final inspection and completion, provide instruction to Owner-designated personnel on the 
operation and maintenance of the system(s). 

B. A training program shall be designed to provide a comprehensive understanding and basic level 
of competence with the system.  It shall be sufficiently detailed to allow Owner personnel to 
operate the system independent of any outside help. 
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C. The training plan or class shall include detailed sections outlines and related reference materials.  
The Owner personnel shall be able to utilize these materials in the subsequent training of their 
co-workers. 

D. Submit an outline of the course with sample instructional aids for approval one (1) week prior to 
scheduled instruction sessions. 

E. The training time shall not be less than a total of 32 hours, and shall consist of: 

1. Three periods:  Sixteen (16) hours during normal day shift for system operators.  Specific 
scheduled shall be established at the convenience of the Owner.  The sixteen hours shall 
be broken down into several sections. 

2. Eight (8) hours of system training shall be provided to Owner supervisory personnel so that 
they are familiar system operation. 

3. Eight (8) hours of system maintenance familiarization training shall be provided to 
Owner’s telecommunications personnel. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Electronic component models shall be commercially available for a least one (1) year prior to bid, 
or be approved by the Consultant and or Owner’s Representative. 

B. All equipment and material shall be new unless otherwise noted in this specification. 

C. All equipment must be UL listed or built to UL standards, where required. 

2.2 GENERAL 

A. All equipment shall be professional grade and rated for continuous duty. Basic guidelines have 
been prepared with manufacturer names, makes, and model numbers included as minimum 
performance requirements. These must be satisfied, unless a variance (exemption document) is 
submitted and approved by the Consultant. 

B. System(s) shall be installed and configured for simplicity of operation, with user-friendly 
controls. 

C. Provide product quantity as required for complete and operable system(s). If any quantities are 
given, the Contractor shall provide at least the given amount. Some of the products listed under 
this section may not be required to fulfill the work as outlined. 

D. Regardless of the length or completeness of the descriptive paragraphs listed herein, each device 
shall meet published manufacturer’s specifications. 

E. Remove all manufacturer’s nameplates or logos from product, such as found on speaker(s), within 
the public sight lines or spaces when applicable. 
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F. Paint all wall and ceiling mounted speaker grilles and enclosures as directed by the 
Consultant/Architect. 

G. The Contractor is responsible for providing a fully operational turnkey audiovisual system.  The 
following equipment list and attached drawings are for final design intent purposes. 

2.3 INPUT SOURCES  

A. Owner provided sources.   

2.4 AUDIO EQUIPMENT 

A. Ceiling Speaker (s) 

1. Nominal Coverage Angle: 110° 
2. Directivity Index (DI): 4.6 dB 
3. Rated Maximum SPL: 106 dB SPL @ 1m (3.3 ft) 
4. Frequency Range: 75 Hz - 20 kHz 
5. Acceptable Product: 

a. JBL Control 26CT, or approved equal  

B. Receiver single Chanel for Wireless Microphones 

1. Individual gain controls, LED meters, and XLR output 
2. Digital predictive switching diversity 
3. Up to 60 dB independently adjustable gain for each channel 
4. Audio and RF LED meters with peak indicator 
5. Switchable mic/line output level 
6. Provide with all necessary antennas and accessories  
7. Acceptable product: 

a. Shure ULXD4, Shure UA8, or approved equal 

C. Body Pack Transmitter  

1. Metal construction 
2. Detachable ¼ wave antenna 
3. Frequency and power lockout 
4. >120 dB dynamic range 
5. AES 256-bit encryption for secure transmission 
6. 100 meter (300 feet) line-of-sight operating range 
7. Provide with lavalier microphone 
8. Acceptable product: 

a. Shure ULXD1 (Qty:1), Shure WL185 (Qty:1), or approved equal 
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D. Handheld Transmitter 

1. Metal construction 
2. Frequency and power lockout 
3. >120 dB dynamic range 
4. AES 256-bit encryption for secure transmission 
5. 100 meter (300 feet) line-of-sight operating range 
6. Provide with an SM58 Microphone head 
7. Acceptable product: 

a. Shure ULXD2/SM58 (Qty:1), or approved equal 

E. DSP (DSP Type 1) 

1. 12 input channels 
2. 8 output channels  
3. 8 Programmable USB I/O channels  
4. AVB audio network interface 
5. Expandable to 128x128 channels via AVB 
6. Network-centric architecture 
7. Acceptable Product: 

a. Biamp TesiraFORTE AVB AI, or approved equal 

F. Amplifier Type 1 

1. Two channels with bridgeable channels 
2. Signal, clip, and protect LED 
3. Low Z & 70V/100V 
4. Screw terminal output connectors 
5. Nomad Link network ready 
6. Acceptable Product: 

a. Type 1 100 watts per channel at 70v Lab Gruppen E2:2, or approved equal 

G. ADA/Assistive Listening System (ALS1)  

1. Superior audio quality – 80 dB signal-to-noise ratio (SNR) 
2. 57 selectable channels 
3. 100% Digital  
4. Limited Lifetime Warranty 
5. Balanced/Unbalanced Inputs 
6. Provide with receiver package  
7. Acceptable Product: 

a. Listen Technologies LT-800-072-P1, Listen  Technologies LP-40-072, or approved 
equal 
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2.5 VIDEO EQUIPMENT 

A. Flat Panel Display (FP1)  

1. Viewable Image Size: 80" 
2. Native Resolution: 1920 x 1080 
3. Pixel Pitch: 0.92mm 
4. Backlight Type: LED Edge-lit 
5. Brightness (typical): 320cd/m2 
6. Contrast Ratio (typical): 5000:1 
7. Provide with wall mount and surge protector  
8. Acceptable Product:  

a. NEC V801-TM, Chief XTM1U, SurgeX SA-82, or approved equal 

B. Receiver and Room Controller 

1. Multi-format presentation switcher, scaler and control system 
2. Integrated 3-Series Control System® allows fully-programmable room control 
3. Includes four auto-switching HDMI®, VGA, and stereo analog audio inputs  
4. Includes two DM 8G+® inputs 
5. Also supports Dual-Mode DisplayPort, DVI, HDBaseT®, and analog video sources 
6. Input auto-detection configures each input automatically 
7. Performs automatic AV signal format management via EDID 
8. Provides parallel HDMI and DM 8G+ outputs for one or more display devices 
9. Features a built-in, high-performance 4K scaler 
10. Provides a balanced stereo audio output with graphic EQ, limiting, and delay 
11. Enables USB signal routing via DM transmitters and receivers or USB-EXT-DM extenders  
12. Includes onboard IR, RS-232, relay, digital input, and Cresnet® control ports 
13. Furnishes Power over DM® or HDBaseT for PoDM/PoH-powered devices 
14. Acceptable Product 

a. Crestron DPMS3-4K-150-C, or approved equal 

C. Multi-Format Transmitter  

1. DigitalMedia 8G+™ transmitter and multimedia interface 
2. Built-in 2x1 AV switcher 
3. DM 8G+™ output supports up to 330 ft cable length 
4. Provides HDMI® and RGB/component video inputs 
5. Also supports DVI and DisplayPort Multimode sources 
6. Includes mini-TRS stereo audio input 
7. Provides onboard auto-switching capability 
8. Includes USB HID keyboard/mouse port 
9. Powered over the DM connection or local power pack 
10. Performs automatic AV signal format management via EDID 
11. Acceptable Product 

a. Crestron DM-TX-200-C-2G, or approved equal 
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D. HDMI Receiver 

1. DigitalMedia 8G+® receiver and display controller 
2. Connects to a DM® switcher or transmitter over a single CAT type twisted pair cable  
3. HDBaseT® Certified  
4. Provides one HDMI® or DVI display output  
5. Handles video resolutions up to 4K and Ultra HD 
6. HDCP 2.2 compliant 
7. Enables device control via CEC, IR, RS-232, and Ethernet 
8. Acceptable Product 

a. Crestron DM-RMC-4K-100-C, or approved equal 

E. Pan Tilt Zoom Camera 

1. 12X Optical Zoom Lens 
2. Exmor 1/2.8-Type 2.34 Megapixel (1080p/60 native) high-speed, low noise CMOS image 

sensor 
3. HDMI Output 
4. 73° Wide Horizontal Field of View 
5. Built-in web server for configuration, control and remote management 
6. Provide with ceiling mount 
7. Provide with camera extender  
8. Acceptable Product: 

a. Vaddio RoboSHOT 12 HDMI, Vaddio 535-2000-206, Vaddio OneLink HDMI, or 
approved equal 

F. Streaming Recorder 

1. Record at 480p, 720p, 1080p, 1024x768, or 1280x1024 resolution 
2. Stream at resolutions from 512x288 to 1080p/30 
3. Stream and record simultaneously 
4. Produces MP4 media files 
5. HDMI, component, composite inputs 
6. HDCP-compliant input and output signal management  
7. RS‑232, Ethernet, and digital I/O control ports 
8. Acceptable Product: 

a. Crestron Capture HD, or approved equal 

2.6 CONTROL EQUIPMENT  

A. Touch Panel (TP1) 

1. 4.3" widescreen active-matrix color touch screen 
2. 800 x 480 WVGA display resolution 
3. High-performance H.264 streaming video 
4. White LED button backlighting and feedback 
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5. Custom engravable button text 
6. Single-wire Ethernet connectivity 
7. PoE network powered 
8. Acceptable Product: 

a. Crestron TPMC-4SMD, or approved equal 

B. Network Switch (Audiovisual System) 

1. Gigabit Speed with non-blocking architecture supporting 100% Gigabit throughput 
2. AV control  VLAN  
3. AV audio VLAN 
4. Static routing 
5. IGMP and MLD snooping, providing advanced multicast filtering 
6. 24 Gigabit copper 10/100/1000Base-T Ports PoE+ 
7. 2 dedicated SFP ports with SFP fiber modules 
8. Switch control and security configuration per UDC OIT Requirements 
9.  With rack mounts 
10. Compatible with IEEE 802.1 AVB standard 
11. Provide routing configuration for streaming audio and video 
12. Acceptable Product: 

a. Cisco WS-C3650-24PD , or approved equal 

C. Wall Plate USB Extender TX 

1. Extends USB peripherals up to 330 feet (100 meters) point-to-point on one CATx cable or 
up to 1,980 feet (600 meters) through a Gigabit Ethernet network 

2. Supports USB 2.0 to 1.0 devices and USB 3.0 devices that can operate at USB 2.0 data 
rates of up to 480 Mbps  

3. Compatible with CATx twisted pair cable 
4. Peripheral emulation 
5. Acceptable Product: 

a. Extron USB Extender Plus D T, Crestron, or approved equal 

D. USB Extender TX 

1. Extends USB peripherals up to 330 feet (100 meters) point-to-point on one CATx cable or 
up to 1,980 feet (600 meters) through a Gigabit Ethernet network 

2. Supports USB 2.0 to 1.0 devices and USB 3.0 devices that can operate at USB 2.0 data 
rates of up to 480 Mbps  

3. Compatible with CATx twisted pair cable 
4. Peripheral emulation 
5. Acceptable Product: 

a. Extron USB Extender Plus T, Crestron, or approved equal 

E. USB Extender RX 
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1. Extends USB peripherals up to 330 feet (100 meters) point-to-point on one CATx cable or 
up to 1,980 feet (600 meters) through a Gigabit Ethernet network 

2. Supports USB 2.0 to 1.0 devices and USB 3.0 devices that can operate at USB 2.0 data 
rates of up to 480 Mbps  

3. Compatible with CATx twisted pair cable 
4. Peripheral emulation 
5. Receiver features an integrated four port hub with 5 Volts, 500 mA available on each port 
6. Acceptable Product: 

a. Extron USB Extender Plus R, Crestron, or approved equal 

F. USB Switch 4 input 

1. Outputs: Four female USB type A connectors 
2. USB 2.0 compatible 
3. Four port output hub with 5V, 500mA available on each output 
4. Peripheral emulation 
5. RS-232 pass-through 
6. Acceptable Product: 

a. Extron SW4 USB Plus, Crestron, or approved equal 

2.7 MISCELLANEOUS EQUIPMENT 

A. Video Cables and Adapters  

1. 6’ HDMI Cable 
2. 6’ VGA  and Audio Cable 
3. Display Port to HDMI Cable / Adapter 
4. Acceptable Product: 

a. Extron HDMI Ultra/6 (Qty:1), Extron MVGA-A M-M/6 (Qty:1), Extron DP-
HDMIF (Qty:1) , Crestron, or approved equal 

2.8 PLATES AND PANELS/FLOOR BOXES 

A. Provide plates and panels as described/detailed in the drawings and as required for fully operable 
system(s). 

B. Custom plates shall be 1/8” thick aluminum, standard EIA sizes, sized to cover rough- in/boxes 
behind plates. 

C. Plastic plates are not allowed or accepted. 

D. Lettering shall be in all caps and numbers engraved with black or white lettering to the base 
material with a minimum size of 0.25”. 

1. Font Size shall be 1/8”  
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a. Font Style shall be Helvetica 

E. Acceptable manufacturer of custom plates and panels shall be:  

1. RCI Custom – AL/ALOS series Aluminum Wall Plates 

a. Provide AL series Aluminum Plates for floor and in wall box assemblies. 
b. Provide ALOS series Aluminum Plates for wall boxes.  
c. Or approved equal 

2.9 PROPOSED SUBSTITUTIONS 

A. Where specific equipment is described, it is not the intention to discriminate against the products 
of other manufacturers, but rather to establish a standard of quality. All proposed substitutions 
should be submitted as alternates with exemption documentation for Consultant approval and 
complete product data sheets. 

B. The Owner’s Representative and or Consultant requires manufacturer’s original specification 
tests. The Owner’s Representative and or Consultant will evaluate and approve/disapprove all 
substitutions. 

C. Items designated “no substitutions” shall be that specified item only. Submission of items other 
than specified shall not be considered and may disqualify RFP submission. 

2.10 CABLES AND WIRING 

A. All audio cable shall be stranded copper conductors. 

B. Shielded cables located in raceways shall have aluminum foil shield with drain wire. 

C. Plenum Rated / Non-Plenum Ratings: Cable routed in conduits and or equipment racks can have 
non-plenum rated (PVC) jacket.  All other cables shall have a plenum or riser rated jacket 
compliant to the cable run and purpose.  Cable runs shall be continuous without splices. 

D. Cable Selection:  Based on signal type as indicated on single line diagram, noted at equipment 
input, or output connection type. Wire manufacturer and part numbers are provided as a basis of 
cable quality and signal characteristics. Alternate cable manufacturers to be requested for 
approval during pre-build submittal.  

E. Cable Types: 

1. Microphone and Line Cable:  

a. Configuration: Twisted pair, 22 AWG West Penn 291 plenum 25291 
2. Low Impedance Loudspeaker Cable: (Select gage based on cable run and wattage) 

a. Configuration: Twisted pair, 8 AWG West Penn C208  
b. Configuration: Twisted pair, 10 AWG West Penn C210 plenum 25210 
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c. Configuration: Twisted pair, 12 AWG West Penn C227 plenum 25227 
d. Configuration: Twisted pair, 14 AWG West Penn C226 plenum 25226 

3. High Impedance Loudspeaker Cable (25V / 100V) (Select gage based on cable run and 
wattage) 

a. Configuration: Twisted pair, 14 AWG West Penn C226 plenum 25226 
b. Configuration: Twisted pair, 16 AWG West Penn C225 plenum 25225 
c. Configuration: Twisted pair, 18 AWG West Penn C224 plenum 25224 

4. Wireless Microphone Antenna Cables with-in equipment racks: (Select type based on cable 
length an signal loss) 

a. Configuration: RG-58/U solid center conductor West Penn 812 plenum 25812 

5. Wireless Microphone and Hearing Assistance Antenna Cables outside of equipment racks 

a. Configuration:  RG-8/U solid center conductor West Penn 98G8 plenum 2598G8 

6. Video Tie Line Cable: Digital Video SDI, HD-SDI 

a. Configuration:  RG-59/U 20 AWG solid center conductor precision video cable 
West Penn 819 plenum 25819 

b. Configuration:  RG-59/U 25 AWG solid center conductor precision video cable 
West Penn HD825 plenum HD25825 

c. Configuration:  RG-59/U 20 AWG solid center conductor precision video cable 
Belden 8281 

7. Network Cable for video and audio streaming transport. (H.264, Cobranet HDBaseT and 
Daunte) 

a. Unshielded Twisted pair Category 5e Cabling West Penn Wire 254245 
b. F/UTP Category 6 Cabling West Penn Wire 254246AF 
c. Shielded Twisted pair HDBaseT Cabling Extron XTP DTP 24 

8. RS-232 Control Cable  

a. Configuration: Twisted pair, 22 AWG West Penn 291 plenum 25291 
b. 9-conductor 22AWG. communications cable: Belden 9945. 
c. 9-conductor 18AWG. communications cable: Belden 83659. 

9. HDMI (High-Definition Multimedia Interface) 

a. Carries  

10. DisplayPort 

a. Carries  

11. 75 Ohm video / RF Cabling 
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a. Trunk video cable (RG6): West Penn 841 plenum 25841 
b. Trunk video cable (RG11): West Penn 821 plenum 25821 
c. RF CATV cable (RG6): West Penn Q841 plenum 25Q841 
d. RF CATV cable (RG11): West Penn Q 821 plenum 25 Q 821 

12. Cable manufacturer recommendations: 

a. West Penn Wire and Cable 
b. Belden 
c. Extron 
d. Crestron 
e. AMX 
f. Substitution: By approved substitution means. 

2.11 LOUDSPEAKER CLUSTER RIGGING/OR ANY CUSTOM FLYWARE 

A. Provide rigging, hardware, suspension cables, and all appropriate hardware for the clusters as 
required for a fully operable system. Including any necessary support steel or additional steel 
required for proper rigging and suspension. A structural engineer licensed by the state where the 
installation will take place shall approve the rigging system by stamping all relevant drawings. 
All calculations shall be provided with the stamped rigging diagrams submitted along with the 
pre build submittals.  

1. Acceptable manufacturers for all mounting bars and trusses:  

a. ATM Flyware,  
b. Custom by Speaker Manufacturer 
c. Engineered approved custom. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. All equipment shall be mounted with sufficient clearance to meet all applicable codes and 
facilitate observation and testing.  

B. All equipment shall be securely fastened with appropriate fittings to ensure positive grounding 
and be free of ground loops throughout the entire system.  

C. Units shall be installed parallel and square to building lines. All wires shall be gathered and 
fastened to create an orderly installation. 

D. Electronic equipment shall be permanently mounted in equipment racks or as applicable to the 
equipment and application.  

E. Contractor shall follow all applicable ANSI / INFOCOMM standards as a basis of design, 
fabrication, construction, and Performance Verification. 
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F. Provide shaft locks or security covers on non-user operated equipment having front panel access. 

G. Install XLR-type connectors wired as follows: Pin 2 High, Pin 3 Low, and Pin 1 Shield. 

H. Mount all equipment, speakers, plates and panels, plumb and level. 

I. Permanently install all equipment to be firmly mounted and held in place. Provide necessary 
equipment supports to hold and support loads with at least a 5:1 safety factor. 

J. Contractor shall validate bracing or blocking for proper mounting and safety.  

K. Contractor shall provide seismic bracing for appropriate equipment where the project is in a   
seismic zone or it is required by local codes and or installation practices. 

3.2 EQUIPMENT HOUSING 

A. Equipment Enclosures / Racks: 

1. Install all audiovisual equipment within equipment racks according to manufacturer’s 
recommendations and product application. 

2. Provide adequate ventilation, thermal management and temperature controlled fans to 
maintain a rack temperature of less than 85 degrees Fahrenheit. 

3. Provide rear support and rear rack rails for housing mounted equipment greater than 15” 
deep. 

4. Allow a minimum of 20% open rack space to support future expansion. 
5. Fill all empty spaces with blank panels, sizing as required; painted and or anodized to match 

housing. 
6. Locate operator useable equipment and patch panels at an appropriate operating height. 
7. Key all door locks for each housing type (front, rear) alike. 
8. Looking at the equipment racks from the rear of the racks, install all AC power and ground 

cabling on the left and audio and video cabling on the right. 
9. Provide LED lights mounted in the top of every two racks to illuminate the interior for 

service or maintenance. LED lights shall be individually switch-able and placed so as to 
provide maximum illumination throughout the rack. 

10. Dress all loose cabling for a clean and orderly rack. The use of electrical tape for cable 
management is prohibited. 

11. The use of tie wraps for network UTP, STP, and optical fiber cabling is prohibited. 
12. Provide nylon braded sleeving for wiring harnesses for a clean installation of cabling that 

is visible to user areas. Sleeving color shall be coordinated with location and device color.  

3.3 PATCH PANELS 

A. Audio Patch panel configuration: 

1. Patch panel shall be located in designated racks as shown on drawings. 
2. All patch panels shall be in consecutive rack spaces located approximately 46” above the 

floor. 
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3. Locate inputs from microphone input plates and floor plates on the top row of each patch 
bay. 

4. Locate sends and tie-lines on the bottom row of each patch bay. 
5. Coordinate final patch bay normaling as directed by the Owner’s Representative and or 

Consultant. 
6. Provide 24”x32” reference diagram of the patch bay system. The layout shall be easily 

understood. Mount diagram behind Plexiglas and mount in the rack or control room close 
to the patch bay rack. 

7. Diagram shall show all input and output locations, patch normals, and any console 
connections and interconnection of rooms and equipment. 

B. Video Patch Panel Configuration: 

1. Patch panel shall be located in designated racks as shown on drawings. 
2. All patch panels shall be in consecutive rack spaces located approximately 46” above the 

floor. 
3. Locate inputs from microphone input plates and floor plates on the top row of each patch 

bay. 
4. Locate sends and tie-lines on the bottom row of each patch bay. 
5. Coordinate final patch bay normaling as directed by the Owner’s Representative and or 

Consultant. 
6. Provide 24”x32” reference diagram of the patch bay system. The layout shall be easily 

understood. Mount diagram behind Plexiglas and mount in the rack or control room close 
to the patch bay rack. 

7. Diagram shall show all input and output locations, patch normals, and any device 
connections and interconnection of rooms and equipment. 

C. Unshielded Twisted Pair UTP / STP RJ-45 Patch Panel Configuration: 

1. Patch panel shall be located in designated racks as shown on drawings. 
2. All patch panels shall be in consecutive rack spaces located approximately 46” above the 

floor. 
3. Configure and terminate patch bay per TIA / EIA standards.  

3.4 LABELING 

A. Device Labeling: 

1. Provide, for each piece of rack-mounted equipment, a printed label (black background and 
white lettering) and attach to the front of the equipment. Install in a plumb, level, and 
permanent manner. Provide rear mounted labeling for all rack-mounted equipment. 

2. Provide engraved label on each user-operated control that describes the function or purpose 
of the control as appropriate. Adjust size of label to appropriate size for location. 

B. Rack Labeling: 

1. Provide custom project plates at the top of each equipment rack designating Consultant and 
installation Contractor (see rack elevations for details). 

2. All rack panel labeling shall be engraved and filled.  
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C. Wire and terminal strip labeling: 

1. Provide each terminal strip with a unique descriptor and numerical designator for each 
strip. Show strip information on the drawings. 

2. Provide logical and legible cable and wiring labels permanently attached for easy 
identification to each cable on both ends. 

3. Label on cables shall be adhesive style striping covered with clear, heat shrink tubing, sized 
appropriately for the cable. 

4. Wiring designator shall be alphanumeric code, unique for each cable. 
5. Each cable type shall be labeled starting with different destinations (i.e. mic series “Mxxx”, 

speaker series “Sxxx”, etc.). 
6. On projects that have multi room connectivity the source and destination room numbers 

should be the prefix for the cable number indicting a cable that traverses between two 
rooms.   

7. Locate the cable designator at the origination and the destination of each circuit. Locate 
cable designator within 2” of connection point. 

3.5 LOUDSPEAKER SUSPENSION 

A. Requirements: 

1. All loudspeakers shall be suspended or mounted at the appropriate operating position in a 
safe, secure and permanent manner. 

2. The aiming direction of all loudspeakers and speaker clusters shall be adjustable in plus or 
minus 5-degree increments. 

3. All loudspeakers enclosures being flown or suspended shall have internally integrated 
mounting brackets to distribute the load to the rigging points on each speaker cabinet. 
Contractor shall provide internal bracing as required if not incorporated into the speaker 
cabinet by the manufacturer. 

4. At all times, speakers to be mounted or flown shall be intentionally designed for the 
purpose of suspension with integrated rigging points designed into the speaker cabinet by 
the manufacturer. 

5. All loudspeakers shall have permanently attached grilles with all manufacturer logos 
removed. 

6. All loudspeaker cables/wiring shall disconnect from a junction box located in the same 
speaker cavity as the speakers or clusters. Provide a single loudspeaker cable assembly that 
connects from the junction box to the speaker cluster and allows cable length for testing 
and powering the cluster while assembled on the floor. 

7. Structural support members shall have a safety factor of at least 5:1. 
8. All mounting hardware and wire rope shall have a safety factor of 8:1. 
9. All fasteners, bridles, carabineers, quick links, shackles, etc. shall be of forged material and 

shall be manufactured for rigging.  
10. All speakers, speaker clusters, and rigging equipment shall be painted the same color if 

exposed to the public areas 
11. Certification Requirement:  



UDC Bertie Backus Campus - CAUSES Kitchen  Addendum-01 
Project No.: W16-008  November 20, 2017 
 

 
 
AUDIOVISUAL SYSTEMS   274116 - 28  
 

a. All rigging, mounting, and support systems for the loudspeaker clusters or 
suspended speakers shall be reviewed and certified by a registered Structural 
Engineer licensed in the state of the project. Once the systems are installed, the 
engineer shall physically inspect the methods and means used for the installation 
and verify that the installation complies both with the certified documents and code 
practices. A document from the Structural Engineer stating this compliance shall be 
supplied to the Owner before any final payments will be authorized. 

b. The Loudspeaker clusters shall not be installed before Engineer’s certification has 
been submitted. Stamped approval of all rigging shall be made from this same 
Engineer within the state of the project. 

3.6 OUTDOOR EQUIPMENT MOUNTING 

A. Outdoor Mounting Requirements: 

1. All outdoor mounting hardware shall be non-corrosive. 
2. Any exposed structural supports for speakers or other outdoor components shall be non-

corrosive or covered with an inhibiting layer. 
3. Any components mounted outside shall be secured in such a way as to prevent movement 

caused by wind or storms. 
4. All speaker, microphone, line, and communications enclosures to include grill components 

capable of protecting the devices and keep the water and elements out of the components. 
5. Seal all connections on each speaker with a waterproof silicone sealant. 
6. Provide screened covering over all openings in horn type enclosures to keep out birds, 

insects, or small animals. 

3.7 PERFORMANCE STANDARDS  

A. Unless restricted by the published specifications of a particular piece of equipment, or unless 
otherwise required under the Detailed Specifications, the following performance standards shall 
be met within each system: 

1. Audio 

a. Frequency Response  
1) Within plus or minus 0.5dB, 20 Hz to 20,000 Hz. 

b. Signal to Noise Ratio  
1) greater than 90dB (including crosstalk and hum at all input/output levels) 

c. Total Harmonic Distortion  
1) 0.05% maximum from 20 Hz to 20,000 Hz. 

d. Microphone (Nominal): -50dbu 
1) Overload (Minimum gain) : -5dbu 
2) Maximum Gain: -26dbu 

e. Line (Nominal): +4dbu (-10dbu RCA connections) 
1) Overload (Minimum gain):+24bu 
2) Maximum Gain: +9dbu 

2. HDMI (High-Definition Multimedia Interface) 
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a. HDMI, EIA/CEA-861 standard 
b. Data protocol: transition minimized differential signaling (TMDS)  
c. Bit Rate: Up to 18 Gbit/s in HDMI 2.0 
d. Audio Signal: LPCM, Dolby Digital, DTS, DVD-Audio, Dolby Digital Plus, Dolby 

TrueHD, DTS-HD High Resolution Audio, DTS-HD Master Audio, MPCM, DSD, 
DST 

e. HDCP and EDID capable 
f. Cable length 5-10 meters depending on cable type, further distances are achieved 

with active extender devices.  

3. Serial Digital Interface (SDI) per SMPTE standards as listed below 

a. HD-SDI – SMPTE 292M – data rate of 1.485 Gbit/s – single coax 
b. 3G-SDI – SMPTE 424M – date rate of 2.970 Gbit/s – single coax 
c. 6G-SDI – 6Gbit/s – 10-bit, 4:2:2 - single or dual coax  

4. DVI (Digital Visual interface) 

a.  Achieved with active extender devices. 

5. DisplayPort 

a. Low-voltage differential signaling, (LVDS), TIA/EIA-644, 
b. Data protocol: Mini-packet 
c. Bitrate: 1.62, 2.7, 5.4, or 8.1 Gbit/s data rate per lane; 1, 2, or 4 lanes; (effective total 

5.184, 8.64, 17.28, or 25.92 Gbit/s for 4-lane link); 1 Mbit/s or 720 Mbit/s for the 
auxiliary channel. HDCP and EDID capable 

d. Cable length from 3-5 meters depending on cable type, further distances are 
achieved with active extender devices. 

6. Apple Thunderbolt 

a. Carries video, audio, and auxiliary data from source to display devices 
b. 20 Gbit/s max 
c.  3 meter cable length via copper cable, further distances are achieved with active 

extender devices. 
d. Wireless Video Technologies 

1) Computer Transport 
a) Based on IEEE 802.11 a/g/n standard  
b) Encryption AES CCMP 
c) Authentication Protocol WPA2-PSK  
d) Minimum input resolution WUXGA (1920x1200) 
e) Minimum output resolution WUXGA (1920x1200) 
f) Minimum frame rate 30 fps. 
g) Latency: less than .5s or better.  

e. Universal Serial Bus (USB) Transport 
1) USB over unshielded twisted pair (UTP) active extender 

a) Extends USB components from processor using a single or dual UTP 
cable. 

b) Maximum of 330’ (100M)  



UDC Bertie Backus Campus - CAUSES Kitchen  Addendum-01 
Project No.: W16-008  November 20, 2017 
 

 
 
AUDIOVISUAL SYSTEMS   274116 - 30  
 

c) Shall support USB 3.0, 2.0, 1.1, and 1.0 devices with data transfer rates 
up to 480 Mbps Authentication Protocol WPA2-PSK  

d) USB host support  xHCI (USB 3.0), EHCI (USB 2.0), OHCI/UHCI 
(USB 1.1) 

e) USB data rates  Low speed (1.5 Mbps), full speed (12 Mbps), 
high speed (480 Mbps) 

f. Networked based video and audio transport and recording protocols 
1) Network based video and audio streaming and recording standards are 

constantly being updated and improved and as such this section references 
specific standards and their current features / capabilities.  

2) H.264 MPEG 4 AVC 
a) Current Bit depth: (per sample) variable from 8 to 14 depending on 

selected feature.  
b) Current Features: allow video transport to provide more flexibility for 

application to a wide variety of network environments. 
c) Current Supported chroma formats: 4:2:0 / 4:2:2 / 4:4:4 

3) H.265  
a) H.265 is an emerging standard based on H.264 allowing for better 

higher resolution video quality using lower transmission rates.  
4) JPEG 2000 

a) Shall conform to ISO/IEC 15444 standard 
g. Video  and Audio teleconference  

1) Video Conference: Integrated Services Digital Network (ISDN)  
a) This is an older interface connection that is used within legacy systems 

and equipment that is based on the ITU H.320 I standard 
b) ISDN interface consists of basic(s) Rate Interfaces (BRIs), a 128 kbit/s 

service delivered over a pair of standard telephone copper wires. The 
144 kbit/s payload rate is broken down into two 64 kbit/s bearer 
channels ('B' channels) and one 16 kbit/s signaling channel ('D' channel 
or data channel).  

2) Video Conference: Internet Protocol (IP)  
a) Based on the ITU H.264 Scalable Video Coding (SVC) standard 

3) Audio Conference: Plain old Telephone Service (POTS)  
a) Analog legacy phone interface based on WT 89-66-15 Quality 

standards. 
4) Voice over IP (VoIP) telephone 

a) Based on the H.323 Standard as well collaborative protocols to include: 
b) Media Gateway Control Protocol (MGCP) 
c) Session Initiation Protocol (SIP) 
d) H.248 (also known as Media Gateway Control (Megaco)) 
e) Real-time Transport Protocol (RTP) 
f) Real-time Transport Control Protocol (RTCP) 
g) Secure Real-time Transport Protocol (SRTP) 
h) Session Description Protocol (SDP) 
i) Inter-Asterisk eXchange (IAX) 
j) Jingle XMPP VoIP extensions 
k) Skype protocol 
l) Teamspeak 
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m) Manufacture specific code for SIP interfaces differ so if differing 
manufactures are used within a VoIP phone system then care must be 
taken to ensure that needed functions are intercomparable between 
manufactures.  

h. Control System User Interface 
1) Panel layouts and configurations shall be submitted for approval with or 

closely associated with the pre build submittal package. 
2) Control system user interfaces pages shall be designed for this project 

exclusively.  While there are a great number of design approaches to 
designing the user interface, the following guidelines shall be adhered to: 
a) Provide user and technical control functions and pages for all touch 

panels as well as for web controls.  
b) Control functionality shall be arranged in an intuitive fashion based on 

specific room uses and device functions. A separate password 
protected logon would provide technical support access that would 
include all device specific functions and commands.  

c) All panels are to have the time and date as icons, in the same position 
on every page. 

d) All panels are to have a title, indicating the piece of equipment and/or 
functionality being controlled. 

e) Each individual room type shall be given the same user interface design 
and layout, throughout the entire campus, to the greatest extent 
practicable. 

f) User interface design, shall, to the greatest extent possible – taking into 
account the variations in system functionality from room type to room 
type, maintain continuity throughout the campus.   

g) Final programming shall include capability to remotely control all 
functions of the Audio system.  Individual device controls shall provide 
full manufacturer’s functionality. 

h) Devices similar in nature shall be programmed to operate with a 
common format. 

i) No individual component shall be programmed to function atypically. 
j) Whenever the same button appears on more than one page, it will be in 

the same position on each page. 
k) Functions used during a general presentation shall be accessible with a 

minimal amount of button presses/page flips. 
l) Where feasible, multi-level access to controls should be implemented. 
m) User help screens shall be included as part of the touch panel designs.  

3.8 CONTRACTOR TESTING AND/OR COMMISSIONING 

A. Prior to energizing or testing the system(s), ensure the following: 

1. All products are installed in a proper and safe manner per the manufacturers’ instructions. 
2. Insulation and shrink tubing are present where required. 
3. Dust, debris, solder, splatter, etc. is removed. 
4. Cable is dressed, routed, and labels and all connections are consistent with regard to 

polarity. 
5. All labeling has been provided and installed. 
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6. All products are neat, clean, unmarred and securely fastened. 
7. All debris has been cleaned and removed from the site. 
8. All electronic devices are properly grounded. 

B. Perform the following test. Record all results in the final project manual. 

1. Test each AC power outlet for proper connections for hot, neutral and ground. 
2. Measure and record the DC resistance for the technical ground in the equipment racks and 

console. Resistance should be 0.15 ohms or less. 
3. Measure the impedance of each speaker line from the amplifier rack. 

3.9 PERFORMANCE AUDIO SYSTEM TESTS 

A. Speaker Verification Test: 

1. Provide a low level distinctive tone to each amplifier input. 
2. Systematically turn on each amplifier, one by one, and verify that the correct speaker is 

being driven. Correct wiring as required for proper operation. 

B. Constant Voltage Speaker test: 

1. Provide a low level distinctive tone to each amplifier input. 
2. Systematically turn on each amplifier, one by one, and verify that the correct speaker is 

being driven. Correct wiring as required for proper operation. 
3. Walk the areas covered by the speakers and check for even level volume coverage. Adjust 

any speakers that are not correct by changing tap values as required for even volume level. 

C. Speaker Polarity: 

1. Use an electronic polarity checker to test each reinforcement speaker. All speakers should 
have the same relative polarity. 

D. System(s) Gain Adjustment: 

1. Adjust each active device to have unity gain from the console output to the input of the 
amplifiers. 

2. With all amplifiers turned off, connect a sine wave and pink noise to an input of the console. 
Using a RMS voltmeter, adjust the scale to an output between -10 and 0dBu. Once level 
has been established, it should remain unchanged throughout the testing. 

E. Signal Delay Adjustment: 

1. Adjust the delay speakers to ensure proper synchronization between the main speakers and 
the delayed speakers. 

2. Using TEF20 or SMARRT Live measure and adjust the arrival times of each speaker to be 
fully synchronized. 

F. Amplifier Level Adjustment: 
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1. Adjust the gain of each amplifier to provide consistent and appropriate levels throughout 
the seating areas/facilities. 

2. With the console and other electronic devices feeding the amplifiers adjusted as described 
above, adjust the output of the console to be -10dB on the output VU meter. 

3. Adjust the appropriate amplifiers to achieve 85dBA in the area covered by one of the 
speakers. Use a calibrated sound level meter to make the adjustments. 

4. If the speaker is utilizing an active crossover, mute the individual bandpass sections to 
adjust each section independently. 

5. Start with the speaker closest to the stage area or the booth location as appropriate. Once 
that speaker has been adjusted to the above criteria, repeat this procedure for each speaker 
cabinet. 

6. Amplifiers should be set to provide an average of 85dBA plus or minus 1.5dB throughout 
each seating section. 

G. Amplifier Level Adjustment 70 volt System: 

1. Adjust the level of the 70 volt systems to achieve a volume level appropriate for their 
location and intended use. 

2. After initial amplifier adjustment, walk all areas utilizing the 70 volt systems and check for 
volume uniformity. If any changes of 3dB or more occur, adjust that specific area or 
speaker as required for even coverage. 
 
 
 

H. Input Verification Test: 

1. Using a microphone, portable signal generator, or CD player, send signal from every 
microphone input to the console. Check every connection location in the facility. 

2. Verify video signal presence at each component input with test equipment and verify the 
proper signal and uniform strength. 

3. Verify that the receptacle under test appears at the correct position on the patch bay and is 
operating properly. 

4. In a similar manner, check any other inputs or tie lines, as appropriate. 

I. Impedance: 

1. Measure absolute impedance value of each loudspeaker line at 250, 500, 1000, and 2000 
Hz without the amplifier connected but with all speakers connected.  Record the impedance 
levels versus frequency for each loudspeaker line. 

2. Impedance must not be below the rated load impedance of respective amplifier and may 
be any value equal to or above that. 

3. Check the resistance of the lines for loudspeaker, line level, and microphone receptacles 
with the receptacles opened and shorted.  Document and repair any shorts or discontinuities 
found. 

J. Polarity: 

1. Verify the polarity of each device in the shop to obtain true polarity throughout the system. 
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2. Verify and document that polarity is kept throughout the system after wiring from inputs 
through output devices or receptacles. 

K. Gain Structure: 

1. Turn off amplifiers and set equalizers and filter controls to flat response.  Do not bypass 
any equalizers or filters. 

2. Adjust compressors and limiters to a 1:1 compression ratio and a +10 dBu limiting 
threshold.  Do not bypass these processors. 

3. Insert pink noise into the mixer or mixing console and adjust levels to obtain a 0 dBu 
reading for the mixer or mixing console output.  Distribute this output to all systems and 
subsystems. 

4. Adjust the output of line level electronics and signal processors to obtain a 0 dBu output at 
the output terminals.  For equipment with input level controls, adjust the input controls so 
that input levels peak at -10 dB.  For equipment not capable of providing 0 dBu output, 
adjust to achieve as close to 0 dBu as possible. 

5. Turn amplifier gain controls to minimum and turn on the power amplifiers.   Adjust the 
gain controls to achieve a +4 dBu output level for low impedance amplifiers and a +18 dBu 
output level for high impedance or constant voltage amplifiers. 

L. Hum and Noise Level: 

1. Without changing the gain, terminate microphone and line level inputs with proper shielded 
resistors of 150 and 600 ohms respectively. 

2. Measure and record overall hum and noise levels for each power amplifier output from 
each input and with all inputs simultaneously.  Hum and noise shall be at least 50 dBA 
below rated power output levels with amplifier controls set for optimum signal-to-noise, 
using input from line level and microphone sources. 

M. Electrical Distortion: 

1. Load amplifier outputs with appropriate resistors matching the nominal impedance of the 
output terminals in place of the actual loudspeaker loads. 

2. Adjust gain controls as for hum and noise level test. 
3. Apply 250 Hz, 500 Hz, 1 kHz, and 2 kHz sine wave signal from an oscillator with less than 

0.01% Total Harmonic Distortion to one input, such that a level of 0 dBu is obtained on 
the mixer. 

4. Measure and record the electrical distortion at each power amplifier output.  Distortion 
shall be less than 0.5%. 

N. Parasitic Oscillation and Radio Frequency Pick-up: 

1. Set up system for each specified mode of operation. 
2. Using a 5 MHz bandwidth oscilloscope and loudspeaker monitoring. 
3. Ensure that the system is free from spurious oscillation and RF pick-up with the absence 

of any input signal and with a 160 Hz signal at a 0 dBu level on the mixer or mixing 
console. 

4. Repeat this test for each mode of operation of the lighting dimmers (incandescent, neon, 
and fluorescent). 
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O. Background Noise: 

1. Using a calibrated ANSI S1.4-1983 (1997) Type 1 or IEC 60651-01-1994, precision sound 
level meter, determine the average ambient noise level in the room.  Record the level 
derived.  The average background noise shall be 60 dBA or below during performance of 
the following tests.  If noise level exceeds this criterion, promptly notify the Consultant 
before proceeding further. 

P. Buzzes and Rattles: 

1. Apply a 1 kHz sine wave signal such that a 0 dBu level is obtained on the mixer or mixing 
console. 

2. Sweep loudspeaker systems from 50 Hz to 5 kHz at 6dB below full amplifier power.  Listen 
for buzzes, rattles, vibrations or resonance.  Locate and correct problems. 

3. If the cause is outside the system, promptly notify the Consultant, indicating the cause and 
recommended corrections. 

Q. Coverage: 

1. Using pink noise as an input, adjust loudspeakers and output levels to provide ±6 dB 
coverage in the octave band centered at 1 kHz throughout the areas served by the system. 

2. Measure and record results. 
 
 
 

R. Equalization: 

1. Equalize the sound systems in order to provide uniform seat-to-seat response, raise the 
threshold of feedback, suppress ring modes, and insure natural, pleasing sound in equal 
and adequate amplitude with maximum degree of intelligibility, and provide performance 
conforming to the requirements specified under "Acceptance Testing." 

2. Turn off systems except the speaker system under test. 
3. Using pink noise as an input and with system equalizers set to bypass operation, determine 

the average frequency response of the loudspeaker system in the room using a 1/3 octave 
real time analyzer. 

4. Record the frequency response derived. 
5. Locate the analyzer microphone approximately 1 m above the floor at a point which 

approximates the average frequency response, within ±3 dB from 50 Hz to 16 kHz. 
6. Record the frequency response at this location. 
7. Using pink noise as an input and with system equalizers set to normal operation, set low 

and high pass filters at 63 Hz and 16 kHz respectively. 
8. Adjust the 1/3 octave filter settings to obtain the following response curves, minimizing 

the variation (±3 dB) between adjacent filter settings: 

a. Roll off -6 dB per octave below 125 Hz. 
b. Maintain ±3 dB, 125 Hz to 4 kHz. 
c. Roll off -3 dB per octave from 4 kHz to 12 kHz. 
d. Roll off sharply above 12 kHz. 
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e. With any system microphone open, make minor adjustments to maximize gain 
before feedback.  No more than 3 filter settings shall be adjusted. 

f. Record the frequency response derived. 

S. System Input and Output Levels 

1. Using pink noise source material and a calibrated ANSI S1.4-1983 (1997) Type 1 or IEC 
60651-01-1994, precision sound level meter, perform the following: 

a. For microphone level inputs:  locate a pink noise source at a distance of 300 mm 
from the corresponding system microphone.  Adjust the pink noise source to provide 
a level of 75 dBA at the microphone and set mixer levels to achieve a 0 dBu level at 
the mixer output. 

b. For line level inputs:  use system program source equipment, with pink noise 
playback media, as a direct input to the mixer or mixing console and set mixer levels 
to achieve a 0 dBu level at the mixer output.  Repeat for each system input 
individually where mixer inputs vary in input sensitivity.  Settings for equivalent 
sensitivity inputs may be duplicated. 

c. With any input set as specified above, adjust audio distribution amplifiers to provide 
levels of -10 dBu at each output. 

2. Measure and record results. 

T. Feedback Stability: 

1. With required output levels set, measure and record the available gain before feedback.  
Feedback stability margin shall be 6 dB, minimum. 

U. Intelligibility: 

1. Using a TEF analyzer or similar, measure the percent articulation loss of consonants (% 
ALcons) for at least 4 various locations in the room in the 2000 Hz octave band. 

2. % ALcons shall be less than 10 for each location. 
3. Record results. 

V. Assistive Listening Systems: 

1. Set gain / limiter so that normal speech or music does not over modulate the transmitter. 
2. Adjust emitter panels to provide even coverage throughout the courtroom. 

W. Notification: 

1. Once all of the above is complete, the system(s) is (are) ready for inspection. Formally 
notify the Owner/Consultant at least seven (7) days prior to desired inspection date. 

2. Final adjustments and equalization will be conducted at the time of inspection. 

3.10 CONFERENCE AUDIO TESTS 

A. Constant Voltage Speaker test: 
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1. Provide a low level distinctive tone to each amplifier input. 
2. Systematically turn on each amplifier, one by one, and verify that the correct speaker is 

being driven. Correct wiring as required for proper operation. 
3. Walk the areas covered by the speakers and check for even level volume coverage. Adjust 

any speakers that are not correct by changing tap values as required for even volume level. 

B. Speaker Polarity: 

1. Use an electronic polarity checker to test each reinforcement speaker. All speakers should 
have the same relative polarity. 

C. System(s) Gain Adjustment: 

1. Adjust each active device to have unity gain from the console output to the input of the 
amplifiers. 

2. With all amplifiers turned off, connect a sine wave and pink noise to an input of the console. 
Using a RMS voltmeter, adjust the scale to an output between -10 and 0dBu. Once level 
has been established, it should remain unchanged throughout the testing. 

D. Amplifier Level Adjustment 70 volt System: 

1. Adjust the level of the 70 volt systems to achieve a volume level appropriate for their 
location and intended use. 

2. After initial amplifier adjustment, walk all areas utilizing the 70 volt systems and check for 
volume uniformity. If any changes of 3dB or more occur, adjust that specific area or 
speaker as required for even coverage. 

E. Input Verification Test: 

1. Using a microphone, portable signal generator, or CD player, send signal from every 
microphone input to the console. Check every connection location in the facility. 

2. Verify video signal presence at each component input with test equipment and verify the 
proper signal and uniform strength. 

3. Verify that the receptacle under test appears at the correct position on the patch bay and is 
operating properly. 

4. In a similar manner, check any other inputs or tie lines, as appropriate. 

F. Impedance: 

1. Measure absolute impedance value of each loudspeaker line at 1000 Hz without the 
amplifier connected but with all speakers connected.  Record the impedance levels versus 
frequency for each loudspeaker line. 

2. Impedance must not be below the rated load impedance of respective amplifier and may 
be any value equal to or above that. 

3. Check the resistance of the lines for loudspeaker, line level, and microphone receptacles 
with the receptacles opened and shorted.  Document and repair any shorts or discontinuities 
found. 

G. Polarity: 
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1. Verify the polarity of each device in the shop to obtain true polarity throughout the system. 
2. Verify and document that polarity is kept throughout the system after wiring from inputs 

through output devices or receptacles. 

H. Gain Structure: 

1. Turn off amplifiers and set equalizers and filter controls to flat response.  Do not bypass 
any equalizers or filters. 

2. Adjust compressors and limiters to a 1:1 compression ratio and a +10 dBu limiting 
threshold.  Do not bypass these processors. 

3. Insert pink noise into the mixer or mixing console and adjust levels to obtain a 0 dBu 
reading for the mixer or mixing console output.  Distribute this output to all systems and 
subsystems. 

4. Adjust the output of line level electronics and signal processors to obtain a 0 dBu output at 
the output terminals.  For equipment with input level controls, adjust the input controls so 
that input levels peak at -10 dB.  For equipment not capable of providing 0 dBu output, 
adjust to achieve as close to 0 dBu as possible. 

5. Turn amplifier gain controls to minimum and turn on the power amplifiers.   Adjust the 
gain controls to achieve a +4 dBu output level for low impedance amplifiers and a +18 dBu 
output level for high impedance or constant voltage amplifiers. 

I. Hum and Noise Level: 

1. Without changing the gain, terminate microphone and line level inputs with proper shielded 
resistors of 150 and 600 ohms respectively. 

2. Measure and record overall hum and noise levels for each power amplifier output from 
each input and with all inputs simultaneously.  Hum and noise shall be at least 50 dBA 
below rated power output levels with amplifier controls set for optimum signal-to-noise, 
using input from line level and microphone sources. 

J. Buzzes and Rattles: 

1. Apply a 1 kHz sine wave signal such that a 0 dBu level is obtained on the mixer or mixing 
console. 

2. Sweep loudspeaker systems from 50 Hz to 5 kHz at 6dB below full amplifier power.  Listen 
for buzzes, rattles, vibrations or resonance.  Locate and correct problems. 

3. If the cause is outside the system, promptly notify the Consultant, indicating the cause and 
recommended corrections. 

K. Coverage: 

1. Using pink noise as an input, adjust loudspeakers and output levels to provide ±6 dB 
coverage in the octave band centered at 1 kHz throughout the areas served by the system. 

2. Measure and record results. 

L. Equalization: 

1. Equalize the sound systems in order to provide uniform response, raise the threshold of 
feedback, suppress ring modes, and insure natural, pleasing sound in equal and adequate 
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amplitude with maximum degree of intelligibility, and provide performance conforming to 
the requirements specified under "Acceptance Testing." 

2. Using pink noise as an input and with system equalizers set to bypass operation, determine 
the average frequency response of the loudspeaker system in the room using a 1/3 octave 
real time analyzer. 

3. Record the frequency response derived. 
4. Locate the analyzer microphone approximately 1 m above the floor at a point which 

approximates the average frequency response, within ±3 dB from 50 Hz to 16 kHz. 
5. Record the frequency response at this location. 
6. Using pink noise as an input and with system equalizers set to normal operation, set low 

and high pass filters at 63 Hz and 16 kHz respectively. 
7. Adjust the 1/3 octave filter settings to obtain the following response curves, minimizing 

the variation (±3 dB) between adjacent filter settings: 

a. Roll off -6 dB per octave below 125 Hz. 
b. Maintain ±3 dB, 125 Hz to 4 kHz. 
c. Roll off -3 dB per octave from 4 kHz to 12 kHz. 
d. Roll off sharply above 12 kHz. 
e. With any system microphone open, make minor adjustments to maximize gain 

before feedback.  No more than 3 filter settings shall be adjusted. 
f. Record the frequency response derived. 

M. System Input and Output Levels 

1. Using pink noise source material and a calibrated ANSI S1.4-1983 (1997) Type 1 or IEC 
60651-01-1994, precision sound level meter, perform the following: 

a. For microphone level inputs:  locate a pink noise source at a distance of 300 mm 
from the corresponding system microphone.  Adjust the pink noise source to provide 
a level of 75 dBA at the microphone and set mixer levels to achieve a 0 dBu level at 
the mixer output. 

b. For line level inputs:  use system program source equipment, with pink noise 
playback media, as a direct input to the mixer or mixing console and set mixer levels 
to achieve a 0 dBu level at the mixer output.  Repeat for each system input 
individually where mixer inputs vary in input sensitivity.  Settings for equivalent 
sensitivity inputs may be duplicated. 

c. With any input set as specified above, adjust audio distribution amplifiers to provide 
levels of -10 dBu at each output. 

2. Measure and record results. 

N. Feedback Stability: 

1. With required output levels set, measure and record the available gain before feedback.  
Feedback stability margin shall be 6 dB, minimum. 

O. Assistive Listening Systems: 

1. Set gain / limiter so that normal speech or music does not over modulate the transmitter. 
2. Adjust emitter panels to provide even coverage throughout the courtroom. 
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P. Notification: 

1. Once all of the above is complete, the system(s) is (are) ready for inspection. Formally 
notify the Owner/Consultant at least seven (7) days prior to desired inspection date. 

2. Final adjustments and equalization will be conducted at the time of inspection. 

3.11 WEB CONFERENCE AUDIO TESTS 

A. Constant Voltage Speaker test: 

1. Walk the areas covered by the speakers and check for even level volume coverage. Adjust 
any speakers that are not correct by changing tap values as required for even volume level. 

B. Speaker Polarity: 

1. Use an electronic polarity checker to test each reinforcement speaker. All speakers should 
have the same relative polarity. 

C. System(s) Gain Adjustment: 

1. Adjust each active device to have unity gain from the computer output to the input of the 
amplifiers. 

2. Adjust each active device to have unity gain from the USB microphone and or interface to 
the input of the computer. 

D. Amplifier Level Adjustment 70 volt System: 

1. Adjust the level of the 70 volt systems to achieve a volume level appropriate for their 
location and intended use. 

2. After initial amplifier adjustment, walk all areas utilizing the 70 volt systems and check for 
volume uniformity. If any changes of 3dB or more occur, adjust that specific area or 
speaker as required for even coverage. 

E. Impedance: 

1. Measure absolute impedance value of each loudspeaker line at 1000 Hz without the 
amplifier connected but with all speakers connected.  Record the impedance levels versus 
frequency for each loudspeaker line. 

F. Polarity: 

1. Verify the polarity of each device in the shop to obtain true polarity throughout the system. 
2. Verify and document that polarity is kept throughout the system after wiring from inputs 

through output devices or receptacles. 

G. Gain Structure: 

1. Turn off amplifiers and set equalizers and filter controls to flat response.  Do not bypass 
any equalizers or filters. 
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2. Adjust compressors and limiters to a 1:1 compression ratio and a +10 dBu limiting 
threshold.  Do not bypass these processors. 

3. Insert pink noise into the mixer or mixing console and adjust levels to obtain a 0 dBu 
reading for the mixer or mixing console output.  Distribute this output to all systems and 
subsystems. 

4. Adjust the output of line level electronics and signal processors to obtain a 0 dBu output at 
the output terminals.  For equipment with input level controls, adjust the input controls so 
that input levels peak at -10 dB.  For equipment not capable of providing 0 dBu output, 
adjust to achieve as close to 0 dBu as possible. 

5. Turn amplifier gain controls to minimum and turn on the power amplifiers.   Adjust the 
gain controls to achieve a +4 dBu output level for low impedance amplifiers and a +18 dBu 
output level for high impedance or constant voltage amplifiers. 

H. Hum and Noise Level: 

1. Verify that the noise floor is sufficiently low and that there is no audible hum in the system.  

I. Buzzes and Rattles: 

1. Apply a 1 kHz sine wave signal such that a 0 dBu level is obtained on the mixer or mixing 
console. 

2. Sweep loudspeaker systems from 50 Hz to 5 kHz at 6dB below full amplifier power.  Listen 
for buzzes, rattles, vibrations or resonance.  Locate and correct problems. 

3. If the cause is outside the system, promptly notify the Consultant, indicating the cause and 
recommended corrections. 

J. Coverage: 

1. Using pink noise as an input, adjust loudspeakers and output levels to provide ±6 dB 
coverage in the octave band centered at 1 kHz throughout the areas served by the system. 

2. Measure and record results. 

K. Equalization: 

1. Equalize the sound systems  

L. Feedback Stability: 

1. With required output levels set, measure and record the available gain before feedback.  
Feedback stability margin shall be 6 dB, minimum. 

M. Assistive Listening Systems: 

1. Set gain / limiter so that normal speech or music does not over modulate the transmitter. 
2. Adjust emitter panels to provide even coverage throughout the courtroom. 

N. Notification: 

1. Once all of the above is complete, the system(s) is (are) ready for inspection. Formally 
notify the Owner/Consultant at least seven (7) days prior to desired inspection date. 
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2. Final adjustments and equalization will be conducted at the time of inspection. 

3.12 GENERAL VIDEO PRESENTATION SYSTEMS 

A. Video signals shall be scaled if necessary to provide the native resolution signal to display and or 
video capture devices. 

B. Whenever possible a common native resolution shall be determined for each space and shall be 
provided to every display in the system. 

C. Digital video signals shall be set at a minimum 1920 x 1080 resolution unless otherwise noted. 

D. Contractor shall provide an EDID plan indicating native resolutions and any special display and 
or source type that requires scaling or conversion.  

3.13 CAMERA EQUIPMENT: 

A. Camera images shall be free of visible vibration and dead pixels. 

B. Adjust and set white balance, and color timing, and genlock / sync as required.  

C. Adjust pan-tilt limit switches. 

D. Provide low voltage power from equipment racks. 

E. Provide wall/ceiling mounts. 

3.14 COMPUTER / VIDEO INTERFACES 

A. Review all locations with the Owner prior to installation and provide according to Approval of 
the Owner. Low voltage power shall be provided at the interface as required by the manufacturer. 

B. Provide HDMI, Display Port, VGA with audio breakout cables for each input interface provided 
as specified herein unless noted otherwise. 

C. Provide manufacturer's adapter plates for pass-through connections as specified herein unless 
noted otherwise. 

D. Adjust interface as required by manufacturer for EDID and HDCP system compliance.  

3.15 SIGNAL PROCESSING EQUIPMENT 

A. Signal processing equipment shall be mounted in the equipment racks and/or control consoles, as 
specified herein unless noted otherwise. 

B. Configure and adjust signal processing equipment to produce the native resolution of the primary 
display devices within each separate system for each potential source resolution, unless specified 
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otherwise herein. RGBHV sources shall be tested from 640 x 480 at 60 Hz through 1600 x 1200 
at 60 Hz. SDI, HD-SDI, HDMI, and Display Port shall be tested based on published standards. 
Legacy NTSC video (composite, component, and s-video) to be tested and configured based on 
NTSC standards. . 

3.16 VIDEO AND DATA PROJECTORS AND ASSOCIATED EQUIPMENT 

A. The native resolution of the video switching and or processing system shall be set to match the 
resolution of the Video and data projector(s).  

B. EDID management and scaling shall be used to manage outputs that have a lower resolution 
equipment than that of the highest resolution display device.  

C. Fixed video and data projectors shall be made level and secured to the structure in accordance 
with seismic requirements of the International Building Code-2000 if applicable.   

D. Projector(s) and mounts shall be installed per the manufacturer's written instructions and shop 
drawings. Review all locations with the Owner’s Representative and or Consultant prior to 
installation. 

E. Configure projectors and lens selection(s) to provide full-screen images at the projector’s native 
resolution, unless otherwise specified. 

F. If an internal HDBaseT input module is utilized ensure that all required functions and capabilities 
are provided or if and external HDBaseT receiver will be required to support device connections.  

G. Review all locations with the Owner’s Representative and or Consultant prior to installation.  

3.17 FLAT PANEL MONITORS AND ASSOCIATED EQUIPMENT: 

A. The native resolution of the video switching and or processing system shall be set to match the 
resolution of the monitor. Configure monitors to provide full images at the monitor’s native 
resolution.   

B. EDID management and scaling shall be used to manage outputs that have a lower resolution 
equipment than that of the highest resolution display device.  

C. Flat panel monitor(s) shall be made level and secured to the structure in accordance with seismic 
requirements of the International Building Code-2000 if applicable.  

D. Flat panel(s) and mounts shall be installed per the manufacturer's written instructions and shop 
drawings. Review all locations with the Owner’s Representative and or Consultant prior to 
installation. 

E. If an internal HDBaseT input module is utilized ensure that all required functions and capabilities 
are provided or if and external HDBaseT receiver will be required to support device connections.  

F. Review all locations with the Owner’s Representative and or Consultant prior to installation.  
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3.18 VIDEO SYSTEMS 

A. General 

1. Adjust, balance, and align equipment for optimum quality and to meet the manufacturer's 
published specifications. 

B. Performance Standards 

1. Unless restricted by the published specifications of a particular piece of equipment, or 
unless specified otherwise herein, the following performance standards shall be met by 
each system. 

C. Cabling 

1. Upon completion of the installation of each area, the Contractor shall test all elements of 
the system.  This testing shall include as a minimum: 

a. Continuity of all circuits. 
b. Operation of all circuits. 
c. Phase checking of all circuits. 
d. Operation of all equipment in all modes 

2. During and/or after installation, as appropriate, the Contractor shall test all cabling for 
continuity, phase, shielding, and unreasonable signal loss.  The testing shall be conducted 
according to the submitted and approved test plan. 

3.19 SPARE PARTS 

A. Provide replacement fuses, lamps, batteries and connectors in sufficient quantities to last one (1) 
year. 

3.20 CONTRACTOR TESTING AND OR COMMISSIONING 

A. Before Acceptance Tests are scheduled, the Contractor shall perform their own system check-out.  
He shall furnish all required test equipment and shall perform all work necessary to determine 
and / or modify performance of the system to meet the requirements of this specification. 

B. The contractor’s testing and documentation activities shall conform to ANSI/INFOCOM 10:2013 
Audiovisual Systems Performance Verification Standard or preapproved equal to insure that the 
audiovisual systems are complete, tested, and free of operational defects.  

C. Supplementary Checklist: 
http://www.infocomm.org/cps/rde/xbcr/infocomm/CAVSP_Checklist.pdf  

D. As a means to facilitate the use of the ANSI/INFOCOM 10:2013 standard we would recommend 
the use of the software application I-auditor or similar that allows for efficient documentation of 
checklist items and completion status. http://www.safetyculture.com.au/iAuditor/   
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https://www.inspectionchecklists.net/template/880F4474-20E8-4CBB-BD09-00332B15E391 
The template for ANSI/INFOCOM 10:2013 can be found in the on line library.  

E. Testing items: 

1. Testing of audiovisual systems shall include the following items as applicable to the 
systems installed: 

a. Provide documentation that all audio signal connections have been tested and 
verified. 

b. Provide documentation that all video signal connections have been tested and 
verified. 

c. Provide documentation that all control signal connections have been tested and 
verified. 

d. Provide documentation that all mounting and rigging elements have been verified 
for structural integrity and safety. 

e. Test all audio systems for compliance with the Performance Standards, using the 
following minimum equipment: 
1) Test Equipment: Assemble the following test equipment (or equivalent) on 

site. 
2) Audio Test Equipment: 

a) JBL / Harmon SIA-Smaart Pro or approved equal.  
b) Signal generator,  
c) Audio test set,  
d) Audio Phase Checker 

3) Compact Disc 
4) Audio cable(s) 
5) Set of terminations, adapters etc.  

6) Adjustments verification and gain settings: 
a) Test and adjust all systems (starting at source equipment and 

terminating at the power amplifiers and speakers as appropriate) for 
correct gain structure providing low noise and distortion per 
manufacturers’ published specifications. 

f. Test all video systems for compliance with the Performance Standards, using the 
following minimum equipment: 
1) Video Test Equipment: 

a) SDI, HD-SDI video signal generator. 
b) DVI, HDMI video signal generator. 
c) RGB / VGA video signal generator. 

2) RGB cable, (if RGB / VGA is included in design) 
3) HDM, DVI, Display Port, Video cables 
4) Set of terminations, ‘T’ pieces etc. 
5) Adjustments, configuration, and verification: 

a) Test and adjust all systems (starting at source equipment input(s) and 
terminating at the display(s) checking for compatible display 
resolutions, EDID and HDCP compliance.  

https://www.inspectionchecklists.net/template/880F4474-20E8-4CBB-BD09-00332B15E391%20The%20template%20for%20ANSI/INFOCOM%2010:2013
https://www.inspectionchecklists.net/template/880F4474-20E8-4CBB-BD09-00332B15E391%20The%20template%20for%20ANSI/INFOCOM%2010:2013
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3.21 CONSULTANT ACCEPTANCE TESTS 

A. Consultant acceptance tests will not be performed until after the contractor’s system checkout as 
outlined within section 3.20 has been completed and the test results have been received and 
reviewed by the consultant and or owner.   

B. Consultant acceptance testing will be conducted based on applicable sections of the 
ANSI/INFOCOM 10:2013 Audiovisual Systems Performance Verification Standard.  

C. Checklist items within this list will be verified by visual and or audible methods as part of normal 
room use case operational scenarios, with the assumption that the AV contractor has fulfilled their 
obligation to test and ensure that the systems are tested, complete and free of operational defects 
per sections above. 

D. The system acceptance tests will be supervised by the consultant and will consist of the 
verification checklist as well as any additional tests as required: 

1. A physical inventory will be taken of all equipment on site and will be compared to 
equipment lists in the contract documents. 

2. The operation of all system equipment shall be demonstrated by the contractor. 
3. Contractor shall provide a laptop to support testing activities that is configured and 

connected to any and all DSP processors for any evaluation and adjustments (tuning) 
activities by the consultant.  

4. Both subjective and objective operational tests will be required by the Consultant to 
determine compliance with the specifications and industry standards.  The Contractor shall 
be responsible for providing all required test equipment based on system complexity and 
equipment selection / configuration. 

5. Operational use case test scenarios may be conducted based on programmed room uses and 
functionality.  

6. All final, “as-built” drawings, run sheets, manuals, and other required documents, as 
detailed in Part I, shall be on hand.  Two complete sets of these documents shall be 
delivered to the Owner at this time.  (One complete set shall have been delivered to the 
Consultant prior to the scheduling of Acceptance Tests). 

7. In the event further adjustment is required, or defective equipment must be repaired or re-
placed, tests may be suspended or continued at the option of the consultant. 

E. Any charge for additional time incurred by the consultant required for overseeing the system tests, 
due to improper system installation or previous failed systems, shall be the responsibility of, and 
charged directly to the contractor and or subcontractor as appropriate. 

END OF SECTION 274116 
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	h. All cable raceways and support hardware.
	i. Other apparatus required for a complete and functional system.

	3. Products requiring samples shall include but not limited to the following:
	a. All cabling and wire.
	b. Patch cables.
	c. All connectors and required tools.
	d. All termination system components for each cable type.
	e. All equipment room and telecommunications room horizontal cable management.
	f. All grounding system components.
	g. All firestop systems (including manufacturer published installation requirements).
	h. All cable raceways and support hardware.

	4. Drawings:
	a. The contractor shall submit shop drawings.

	5.  Project Closeout Data:
	a. The contractor shall submit test documentation.

	6. As-Built Documentation:
	a. The contractor shall submit As-Built documentation.




	PART 2 -  PRODUCTS
	2.1 CATEGORY 6A CHANNELS
	A. Cable
	1. All Category 6A UTP cables shall be General Cable Gen Speed enhanced P/N 7131 4-pair, 23/24 gauge solid conductor UTP and shall terminate on 8-pin modular jacks at each information outlet. Coordinate color with owner.
	2. All cable jacket material shall conform to article 800 NEC for use as plenum or non-plenum cables. Cables shall be UL® type CMP (plenum), CMR (riser) or type CM (general) as appropriate.  All cables running in raised floor space shall be plenum rat...
	3. All cable shall be tested and guaranteed to meet or exceed the requirements for Category 6A performance as defined in ANSI/TIA/EIA-568-B.2, and be part of the UL® LAN certification and follow-up program.
	4. Category 6A cables are intended for use in data applications including but not limited to 100Base-T, 1000Base-T, and 1000Base-TX.
	5. Cable shall have the following electrical requirements in accordance with ASTM D4566:
	a. Resistance <=9.38 ohms per 100m at 20ºC.
	b. Resistance unbalance between 2 conductors of any pair <=5% at 20ºC.
	c. Capacitance @1 kHz @20ºC <=330 pF/100m.
	d. Characteristic impedance 100 ohms + 15% from 1MHz to highest referenced frequency.

	6. Cables shall meet the following physical requirements:
	a. Shall consist of four (4) 23/24 AWG twisted pairs.
	b. Shall be suitable for the environment in which they are to be installed.
	c. The overall diameter of the cable shall be less than 0.25 inches.
	d. Cable shall withstand a bend radius of 4 times the cable diameter at -20ºC without damage to jacket or insulation and shall have min. ultimate breaking strength of 90 lb/ft.

	7. Provide all installation materials and consumables including straps, mounting hardware, hangers, fire stop material, labels, etc.
	8.  Plenum:
	a. Shall be plenum rated and meet applicable requirements of ANSI/ICEA S-80- 576 for plenum. All four pairs must be insulated with F.E.P. No constructions that use mixed insulation materials will be allowed.


	B. Telecommunications Outlets:
	1. RJ45 jacks shall be Panduit CJ688TGXX. Coordinate color with owner and plan notes.
	2. Category 6 Information Outlets shall meet the following requirements:
	a. All Category 6 information outlets shall meet or exceed NEXT and all other Category 6 transmission performance requirements for connecting hardware, as specified in ANSI/TIA/EIA-568-B.2 Commercial Building Telecommunications Cabling Standard and be...
	b. All Category 6 information outlets shall be capable of being utilized in a modular patching situation or as a modular telecommunication outlet (TO) supporting all intended data applications including but not limited to 100Base-T, 1000BaseT, and 10...

	3. Faceplates:
	a. Faceplates shall be Panduit CFPL4XX, coordinate color with owner.
	b. UL® listed and CSA certified.
	c. Constructed of high-impact, ABS plastic UL® 94V-0 construction (except where noted otherwise).
	d. Faceplates shall be available in a variety of colors to match other utilities or raceways installed.
	e. Possess recessed designation windows to facilitate labeling and identification.
	f. Shall include a clear plastic cover to protect labels in the designation window.
	g. Have mounting screws located under recessed designation windows.
	h. Comply with ANSI/TIA/EIA-606-A labeling specifications.
	i. All unused ports shall have a blank cover, Panduit P/N CMBWH-X coordinate color with owner.


	C. Network Access Switch
	1. 48 Gigabit copper 10/100/1000Base-T Ports UPOE
	2. 2 dedicated SFP ports with SFP+ fiber modules
	3. Provide rack mounts
	4. Provide all required cables, modules and or adapters for connection to existing fiber demark located in MDF
	5. Install, load, and configure switch; Coordinate with UDC OIT for all configuration requirements.
	6. Switch control and security configuration per UDC OIT Requirements
	7. UDC OIT shall perform final configuration of port security.
	8. Acceptable Materials:
	a. Shall be (1) Cisco Catalyst 3850 Series WS-C3850-48P-S with SFP+ fiber module.


	D. Uninterrupted Power Supply (UPS)
	1. Provide (1) 19”  2 RU Rack-mounted 3 kVA UPS
	2. Input connection NEMA L6-20P
	3. Outputs: (12) NEMA 5-20R (Battery Backup) and (2) NEMA L6-20R (Battery Backup)
	4. With 208V to 120V step down transformer 2 RU
	5. Nominal voltage output 120V , 208V
	6. 2.7 KWatts max configurable power
	7. With SMARTNET 24x7 4yr. warranty 1 base + WEXTWAR3YR-SP-05 extended warranty
	8. Network and Environmental Monitoring Capable via APC AP9631 with temperature probe.
	9. Rack mountable 4 RU total size
	10. Acceptable Materials:
	a. APC SRT3000RMXLT-5KTF,  with APC WEXTWAR3YR-SP-05, and APC AP9631, or approved equal


	E. Wireless Access Points:
	a. Shall be Cisco Aironet 3802i-B-K9, coordinate with owner.

	F. Termination Hardware:
	1. Patch Panels:
	a. Shall be Panduit DP48688TGY.
	b. Patch panel shall be high density such that 48-ports occupy 2 rack units, 96 ports shall not be used.
	c. Shall use Category 6, UMJ8 RJ45 jacks in 6- or 8-port modules.
	d. Patch panel jack (UMJ 8 position/8 conductor) shall terminate to a 110D type insulation displacement contact, printed circuit board or lead frame mounted connector.
	e. Patch panel jack shall be universal modular jack, 8 positions, un-keyed unless noted otherwise.
	f. Patch panel jack shall support termination of 22, 24 and 26 AWG solid conductor, four pair, unshielded twisted pair copper cable.
	g. Patch panel shall have cable management bar to ensure proper bend radius and strain relief.
	h. Patch panel shall have the ability to accept color-coded identification tabs and port protecting shutters.
	i. Patch panel shall be compliant with ANSI/TIA/EIA-606-A labeling specifications.



	2.2 Coaxial Cable Channels
	A. General Coaxial Cable Requirements:  Broadband type, recommended by cable manufacturer specifically for broadband data transmission applications.  Coaxial cable and accessories shall have 75-ohm nominal impedance with a return loss of 20 dB maximum...
	B. RG-6/U:  NFPA 70, Type CATV or CM. Quad Shield
	1. No. 16 AWG, solid, copper-covered steel conductor; gas-injected, foam-PE insulation
	2. Double shielded with 100 percent aluminum-foil shield and 60 percent aluminum braid
	3. Jacketed with black PVC or PE
	4. Suitable for indoor installations

	C. Coaxial Connectors
	1. Coaxial-Cable Connectors:
	2. F-Connector, 75 ohms, compression type. (for CATV)



	PART 3 -  EXECUTION
	3.1 CABLING ROUTING AND INSTALLATION
	A. All communications cabling used throughout project shall comply with the requirements of the National Electrical Code (NFPA 70) articles 725, 760, 770 and 800 in addition to all local codes.  All copper cabling shall bear CM, CMR, CMP and/or other ...
	B. Cables running in cable tray or duct shall not be bundled.  Cables in these areas shall be loosely arranged to minimize alien crosstalk.
	C. Structural concrete on steel members shall not be drilled or pierced without prior approval from a licensed structural engineer and the authority having jurisdiction.
	D. All cable shall be installed utilizing an independent cabling support system.  Cables shall not be attached to ceiling grid supports and shall not be laid directly on the ceiling grid.  Cables shall not be attached to conduits, pipes, or ducts.
	E. Cable shall not be attached to or supported by fire sprinkler systems components or any environmental sensor located in the ceiling space.
	F. All cable runs between the termination hardware and the telecommunications outlet shall be continuous without any splices.
	G. Contractor shall schedule work under this contract in a manner so as to complete all above ceiling work prior to the installation of ceiling tile.  If ceiling tiles are to be removed, the Contractor shall coordinate the activity with other trades.
	H. Cabling shall not be run adjacent to or parallel to power cabling on fluorescent lighting fixtures.
	1. Maintain at least 6 inches of clearance away from fluorescent light fixtures and electrical conductors up to 2 kVA.
	2. Maintain at least 24 inches of clearance away from electrical conductors up to 5 kVA.
	3. Maintain at least 36 inches of clearance away from electrical cabling more than 5 kVA.
	4. When cabling is required to crossover electrical conductors, they must do so at a 90 degree angle.
	5. Electrical cabling is not permitted to lie on top of communications cabling.

	I. J-Hooks installation spacing shall meet or exceed the manufacturer or local code requirements.  Standard J-hook spacing is not to exceed 5 feet on center.  No more than 48 cables are permitted per J-hook unless cabling manufacturer installation req...
	J. Cable Trays shall be securely fastened in place using approved materials and methods as recommended by the manufacturer or AHJ.  All supporting rod installation intervals shall be for the full load rating of the cable tray, not the rating of the tr...
	K. Cabling placed in ceiling spaces shall maintain:
	1. 3 inches of clear vertical space above cabling and conduits.
	2. 12 inches of clear vertical space above the cable tray.
	3. 3 inches of clear vertical space between the top of the ceiling grid and the bottom of the cable tray.
	4. 3 inches of clear vertical space between the top of the ceiling grid and structured cabling.
	5. Cabling passing from fire rated areas shall be fire stopped to meet local and national codes.
	6. Cabling passing from one floor level to another should be fire stopped unless cabling is placed inside a fire rated shaft and meets the approval of the AHJ.

	L. All telecommunications cabling installed within ceiling spaces or below raised access floors shall be routed parallel or perpendicular to building structure.
	M. The minimum bend radius, under no-load conditions, for 4-pair UTP cables shall be one (1) inch or four times the diameter of the cable across its major axis, whichever is greater.
	N. Open cable tray fill ratio shall not exceed 30% or as allowed by code or the AHJ.
	O. Cable fill-in conduits and enclosed raceways shall not exceed 38% or as allowed by code or the AHJ.
	P. All cabling shall be labeled per specifications and as indicated on drawings.

	3.2 HORIZONTAL CABLING
	A. Contractor shall provide horizontal cables to connect each telecommunications outlet to the backbone subsystem on the same floor unless noted otherwise.
	B. Terminate each horizontal cable onto a dedicated telecommunications outlet and onto termination hardware in the Telecommunications Room (TR).
	C. Unless noted otherwise on the telecommunications drawings or elsewhere within this document, the type of horizontal cables used for each telecommunications outlet shall be 4-pair unshielded twisted pair (UTP).
	D. The 4-pair UTP cables shall be installed using a star topology from the Telecommunications Room (TR) to each individual telecommunications outlet.  All cable routes shall be submitted and approved by Owner prior to installation of any cabling.
	E. The length of each individual run of horizontal cable from the termination point in the TR on each floor to the telecommunications outlet shall not exceed 295 feet (90M).



	274116 Audiovisual Systems Adendum-01a
	PART 1 -  GENERAL
	1.1 REFERENCE TO OWNER’S GENERAL CONDITIONS
	A. The Owner’s / Project General Conditions shall be considered part of this Specification.  Unless this Section contains statements, which are more definitive or more restrictive than those contained in the Owner’s General Conditions, this Specificat...

	1.2 SUMMARY
	A. Statement of Work:  the work of this section includes, but is not necessarily limited to the following:
	1. Provide and install complete and operational Audiovisual System(s) as outlined in these specifications and related drawings and documentation requirements as set forth in this documentation.
	2. It is the responsibility of the Contractor to provide all wiring, plates, connections, equipment, rigging, all support means and miscellaneous equipment for complete and fully operational System(s) if specified in this or other related documents or...
	3. Included Spaces:
	a. CAUSES Kitchen


	B. Provide for the coordination, provision, installation, inspection, testing, instruction, and warranties of the Audiovisual System(s).
	C. Provide all materials, equipment, transportation, and necessary labor for a complete and operational Audiovisual System(s).
	D. Additional contractor requirements:
	1. Required licenses, permits and low voltage permits including any required bonding or insurance requirements to comply with general conditions of specifications and contract documentation.
	2. Verification of the dimensions and conditions at the job site.
	3. Installation in accordance with the contract documentation, applicable installation procedures or codes as set forth by the state or county of the project or manufacturers’ recommendations.
	4. Submittal information and provisions.
	5. Documented Audiovisual System(s) testing procedures.
	6. Instruction of operating personnel.
	7. Manuals and provisions thereof.
	8. Maintenance and warranties.


	1.3 RELATED DOCUMENTS
	A. General: Comply with all Contract Documents, including, but not limited to, Divisions 0, 1, 11, 26, 27 and the general contract specifications.
	B. Related specification sections:
	1. Section 27 05 26 – Grounding and Bonding for Communications Systems
	2. Section 27 05 33 – Conduits and Back boxes for Communications Systems


	1.4 RELATED WORK
	A. The Contractor shall coordinate with Electrical Contractor on raceway / junction box locations for equipment and routing of cables / raceway from equipment, terminal and pull boxes to system equipment racks and or wall fields.
	B. Related Work:  Equipment and materials provided and installed by others, unless otherwise shown in this Section or the Drawings, shall include but are limited to:
	1. Section 26 05 26 – Grounding and Bonding for Electrical Systems
	2. Section 26 05 29 – Hangers and Supports for Electrical Systems
	3. Section 26 05 33 – Raceway and Boxes for Electrical Systems


	1.5 DEFINITIONS:
	A. Regardless of their usage in codes or other industry standards, certain words or phrases as used in the Drawings or Specifications for the Work, shall be understood to have the specific meanings as ascribed to them in the following list:
	1. The term “Contractor” – Integrator who has been awarded the contract to perform the work under this section.
	2. The terms “shall” is mandatory, “will” is informative, and “should” is advisory.
	3. “Provide” – To supply, install, connect, and configure, for safe intended normal operation.
	4. The terms “Indicated”, “shown”, or “noted” – As indicated on drawings or specifications.
	5. The terms “Equivalent”, “similar”, or “equal” – equal in materials, size, color, design, and efficiency of specified product, conforming to base bid manufacturer selections.
	6. The terms “Reviewed”, “satisfactory”, “accepted”, “approved”, “directed” – As reviewed, satisfactory, accepted, approved, or directed by the Owner or Owner’s Representative.
	7. The term “Professional grade” – Equipment that is intended for commercial use, not residential, use and is rated for continuous 24-7 use.
	8. The term “User-friendly controls” – Touch screen graphical user interface (GUI) or other graphical controls that are intuitively configured for ease of use in a logical, easily recognizable, configuration that utilizes industry standard symbols whe...
	9. The term “Labels” – refer to labels on audio-visual equipment as outlined in Section 3.4.
	10. The term "OFE" refers to items that are Owner Furnished Equipment
	11. The term "OFCI" refers to items that are Owner Furnished Contractor Installed Equipment


	1.6 REFERENCE STANDARDS, REFERENCE MATERIALS AND/OR CODES
	A. Applicable Codes and Standards:
	1. Systems shall be installed in accordance with the latest applicable revisions pertaining to all applicable national, state, and local codes and standards including, but not limited to the following:
	a. International Building Code / BOCA National Building Code
	b. Local Governing Authorities Having Jurisdiction
	c. NFPA-72 National Fire Alarm and Signaling Code
	d. UL Listed- Underwriter's Laboratories Listed

	2. IEC 60268-16 Third Edition 2003-05 Objective rating of speech intelligibility by speech transmission index
	3. AES:
	a. AES3-1-2009 (r2014): AES standard for digital audio
	b. AES5-2008 (r2013): AES recommended practice for professional digital audio
	c. AES10-2008 (r2014): AES Recommended Practice for Digital Audio Engineering
	d. AES14-1992 (s2014): AES standard for professional audio equipment
	e. AES31-2-2012: AES standard on network and file transfer of audio - Audio-file transfer and exchange
	f. AES47-Am1-2008: Amendment 1 to AES47 - AES standard for digital audio - Digital input-output interfacing - Transmission of digital audio over asynchronous transfer mode (ATM) networks
	g. AES50-2011: AES standard for digital audio engineering - High-resolution multi-channel audio interconnection
	h. AES54-2-2008 (r2013): AES standard on interconnections - Grounding and EMC practices - Shields of balanced audio wiring within fixed and portable passive connector panels, jack fields, and passive microphone splitters
	i. AES54-3-2008 (r2013): AES standard on interconnections - Grounding and EMC practices - Shields of balanced microphone-level outputs of active equipment other than microphones
	j. AES67-2015, methods for high-performance streaming audio-over-IP network interoperability.
	k. AES70-1-2015: AES standard for audio applications of networks - Open Control Architecture - Part 1: Framework
	l. AES70-2-2015: AES standard for audio applications of networks - Open Control Architecture - Part 2: Class structure
	m. AES70-3-2015: AES standard for audio applications of networks - Open Control Architecture - Part 3: Protocol for TCP/IP Networks

	4. ANSI/ INFOCOMM:
	a. 1M:2009 Audio Coverage Uniformity
	b. 2M:2010 Standard Guide for Audiovisual Systems
	c. 3M-2011 Projected Image System Contrast Ratio
	d. 10:2013 Audiovisual Systems Performance Verification
	e. 01:2016 Display Image Size for 2D Content in Audiovisual Systems

	5. ANSI / TIA / EIA:
	a. TIA-222 STRUCTURAL STANDARD FOR ANTENNA SUPPORTING STRUCTURES AND ANTENNAS
	b. TIA-455-78 Revision B, FOTP-78 IEC 60793-1-40 Optical Fibres - Part 1-40: Measurement Methods and Test Procedures – Attenuation
	c. TIA 568-B.1-2000 Telecommunications Standard
	d. TIA-568-C.2 BALANCED TWISTED-PAIR TELECOMMUNICATIONS CABLING AND COMPONENTS STANDARDS
	e. TIA/EIA-569-A-1995 (Commercial Building Standard for Telecommunications Pathways and Spaces)
	f. TIA / EIA: 606a Telecommunications Infrastructure Standard
	g. TIA / EIA: 607 Grounding and Bonding Requirements
	h. EIA/CEA: 861 A DTV Profile for Uncompressed High Speed Digital Interfaces.
	i. TIA-862 Revision B, February 29, 2016  Structured Cabling Infrastructure Standard for Intelligent Building Systems Document History
	j. EIA 232-D Interface between Data Terminal Equipment and Data Circuit-Termination Equipment Serial Binary Data
	k. EIA RS-310-C Racks, Panel, and Associated Equipment

	6. Dante: Audinate Pty. Ltd.
	a. Uncompressed, multi-channel, low-latency digital audio over a standard Ethernet network using Layer 3 IP packets

	7. HDBaseT: Valens
	a. HDBaseT 1.0 HD and 2K
	b. HDBaseT 2.0 HD 2K and 4K

	8. SMPTE / IEEE:
	a. ST 348:2005 - SMPTE Standard - For Television — High Data-Rate Serial Data Transport Interface (HD-SDTI) / 292M – SMPTE SDI
	b. ST 425-3:2014 - SMPTE Standard - Image Format and Ancillary Data Mapping for the Dual Link 3 Gb/s Serial Interface
	c. ST 2081-10:2015 SMPTE Standard - 2160-Line and 1080-Line Source Image and Ancillary Data Mapping for Single-Link 6G-SDI
	d. ST 2082-10:2015 - SMPTE Standard - 2160-line Source Image and Ancillary Data Mapping for 12G-SDI
	e. IEEE 802.1 AVB (Audio Video Bridging)

	9. Video Coding Experts Group VCEG
	a. H.262[1] or MPEG-2 Part 2
	b. H.263
	c. H.264/MPEG-4 AVC
	d. H.264 or MPEG-4 Part 10
	e. H.265 or High Efficiency Video Coding (HEVC),

	10. AUDIO REFERENCE PUBLICATIONS:
	a. Handbook for Sound Engineers The New Audio Cyclopedia (Howard W. Sams, Indianapolis, Indiana 1987) Davis
	b. Sound System Design and Optimization (Focal Press) Bob McCarthy
	c. Sound System Engineering, Second Edition (Howard W. Sams, Indianapolis, Indiana 1987) Davis

	11. VIDEO REFERENCE PUBLICATIONS:
	a. National Association of Broadcasters Engineers Handbook (latest edition)
	b. Digital Video and HD, Second Edition: Charles Poynton

	12. FIBER OPTIC REFERENCE PUBLICATIONS
	a. Refer to the fiber optic cable manufacturers design guide: i.e. SIECOR
	1) Siecor Universal Transport System (UTS) Design Guide, Siecor Corp., 1988 Brochure #CC-110

	b. Also refer to the following standards committees:
	1) ANSI: (IEEE) 802.8  Proposed Fiber Distributed Data Interface




	1.7 SCOPE OF WORK REQUIREMENTS
	A. The Contractor shall provide Audiovisual System(s) compatible with the Owner’s communications systems (i.e. telephone, video, and computer systems) and operations.
	B. The Contractor shall provide equipment that, where required, shall conform to the applicable requirements of the Underwriters Laboratories, Inc., local codes, the National Electrical Code and any other governing codes. Such items shall bear a label...
	C. The Contractor shall provide complete and operational system(s) configured and installed for user-friendly operation and low maintenance.
	1. Provide for reprogramming of the remote control software two (2) times, as directed by the Owner’s Representative and or Consultant.
	2. Provide for two (2) level adjustments of the Audio System(s), as directed by the Owner’s Representative and or Consultant.

	D. On-site factory technical support shall be provided, if necessary, to assure optimized configuration and performance of installed equipment and systems.
	E. The Contractor shall restore all finish hardware to original condition including painting, ceiling modifications, and attachments as specified in Division 09 Finishes. All finishes shall be approved by the Architect and or Owner’s Representative.
	F. Installation work shall be in compliance with all Contract Documents, all applicable standards, governing codes, regulations and authorities having jurisdiction.
	G. The Contractor shall validate exact location and installation of the equipment, power, conduit, and raceway systems and coordinate exact location and installation of the equipment, power, conduit, and raceway systems with the Architect and or Owner...
	H. All finalized software affiliated with the equipment, including but not limited to, the audio DSP, Control System, etc. is the property of the Owner and will be provided on labeled CDs or electronic media for archival purposes at project acceptance.
	I. The Contractor shall supply all control software, programming service codes, programming notes, files interactive source codes, all media and associated software, touch panel design, all passwords, licenses, dangles and “keys” or other associated c...

	1.8 SYSTEM(S) DESCRIPTION AND REQUIREMENTS
	A. The following is a basic system(s) description and is not intended to be all-inclusive for proper installation or operation of system(s).  The AV specification and the AV Bid Set drawings need to be fully reviewed together to ensure design intent a...
	1. The Bid proposal will include all labor and cabling for all optional / add alternate equipment listed in specification and AV Bid set drawings. Please list as separate budgetary items.

	B. Included Audiovisual Spaces:
	1. CAUSES Kitchen:
	a. Overview
	1) The CAUSES Kitchen is an educational space with the capability for audiovisual presentation.

	b. Playback Sources
	1) Provide inputs and outputs used to support user and UDC furnished portable equipment.

	c. Audio Equipment
	1) Provide audio digital signal processors (DSP) type 1, configured for public address, recording and web streaming.
	a) Provide all DSP expanders, input modules and processing as required.

	2) Provide ADA/Assistive Listening System (ALS) emitter (RF2) and receivers. IR transmitter is located in the IT Room (JB1). Provide receivers, ear buds and neck loops per ADA requirements.
	3) Provide two channel 70V audio amplifier, rack mounted.
	4) Provide ceiling mounted Public Address Speakers (S)
	5) Provide Wireless Hand held transmitter and belt pack microphone transmitter with lavaliere microphone combo system, with receivers are located in the AV Rack Room (JB1).
	6) Provide Wireless microphone antennae (RF1) and antenna distribution system Place antennae to allow for use without RF dropout.

	d. Video Equipment
	1) Provide large flat panel interactive display (FP1) surge protection and wall mounts.
	2) Provide digital video matrix switch, rack mounted.
	3) Provide multi-format digital video transmitters located on wall plate(s) (WP1).
	a) Transmitters shall support VGA, HDMI and display port connectivity via adapter.

	4) Provide HDMI receivers, wall mounted behind flat panel display (FP1)
	5) Provide ceiling mounted pan tilt zoom camera.
	6) Provide digital video recorder / web streaming appliance.
	7) Provide portable cables for the following video sources:
	a) VGA and audio cable
	b) HDMI cable
	c) Display port to HDMI cable / adapter.


	e. Control equipment
	1) Provide Control Processor (CONTROL) with all required input / output interfaces and control connectivity.
	2) Provide Control Touch Panel (TP1)
	3) Provide Web control access supporting user I-pad or tablet device control.
	4) Provide user and technical control functions for the wall mounted panels as well web controls.
	5) Provide USB extenders and switching to facilitate USB connectivity from user devices to large flat panel interactive display.
	6) Control functionality shall be arranged in an intuitive fashion based on specific room uses and device functions. A separate password protected logon would provide technical support access that would include all device specific functions and comman...
	7) User controls: (TP1)
	a) Room use selections:
	b) Presentation flat screen: (icon based selection)
	I. Turns on flat panel and asks user to select input source between wall inputs and digital video recorder / web streaming appliance
	II. USB control connections to follow input source selections.
	c) Presentation recording: (icon based selection)
	I. Pops up control menu for recording / streaming engine.
	II. Provide start / stop for both recording and streaming functions.
	d) Audio:
	I. Overall microphone levels and mute
	e) Room power: (icon based selection)
	I. When selected a conformation popup will ask the question “Do you want to shutdown AV and end your meeting?” If yes is selected the room will mute audio and turn off flat panel.
	f) Help Screens:
	I. The touch panel shall contain user help screens and prompts to aid a new user in the operation of the system and configuration options.

	8) Technical controls: (TP1)
	a) Technical Controls: (icon based selection)
	I. Pushing this button opens dialog that asks for user name and password to proceed to the following control functions.
	b) System power on and off:
	I. Turns on the audiovisual system for use and turns off the system either via user command and or set as an automatic power off by time of day. Some parts of the system will be required to remain on in an off condition such as control system componen...
	c) Audio:
	I. Individual microphone levels and mutes associated with space.
	II. Master mixer volume and mute.
	d) Video
	I. Source and destination selections based on graphical input and output locations.

	9) Provide Managed Ethernet Switch (NETWORK SWITCH JB1) for AV controls, digital audio, web control uses.
	a) Provide virtual local area network (LAN) within the network switch for audio video bridging (AVB) traffic.
	b) Provide virtual local area network (LAN) within the network switch for audiovisual control traffic with connection to the facility wired and wireless network to facilitate web controls within the facility.


	f. Miscellaneous Equipment
	1) Provide Equipment within telecommunications cabinet Rack(s) (AVR).
	a) Provide Surge Suppressor (Power Dist.)
	b) Provide all adapters, plates, panels cables as required for a complete and working system.





	1.9 RELATED WORK
	A. Conduits:
	1. It is the Contractors responsibility to review all conduit runs, junction boxes, and electrical outlet cable trays provided and installed under Division 26 and provide fit-up and coordination drawings as required for proper communication and unders...
	2. Provide a written acceptance of all field conditions or a list of any discrepancies within ten (10) working days from Notice to Proceed.


	1.10 DELIVERY, STORAGE, AND HANDLING
	A. The Contractor shall carefully control handling and installation of all items which are not replaceable, so that completion of the work will not be delayed by hardware or equipment losses before, during, and after installation. The Contractor is re...
	B. The Contractor shall, prior to installation, protect exposed surfaces with material which is easily removed without marring finishes.
	C. The Contractor shall, without cost to the Owner/Consultant, replace any products damaged during storage, handling or during installation.

	1.11 SCHEDULING
	A. The Contractor shall submit a schedule to the Owner/Consultant for approval within 10 (ten) working days from notice to proceed. The schedule shall show sequence of work, etc. from time of Notice to Proceed to final sign off. This schedule shall be...
	B. It is the responsibility of the Contractor to coordinate the installation of the system(s) to be compatible with the work of the other trades. The Contractor shall attend progress meetings and provide continuous on-site project management.
	C. It is the responsibility of the Contractor to arrange with the Owner/Consultant a mutually acceptable time and date(s) for Acceptance Testing, based upon project dates and schedule provided, based upon the dates provided in the Solicitation.
	D. The Contractor shall provide operating personnel with extensive training for each system type and/or room type as outlined in Section 1.5 SYSTEM(S) DESCRIPTION AND REQUIREMENTS.

	1.12 PROJECT SCHEDULE
	A. A (mandatory) pre-bid site visit on, DATE at TIME will be utilized to allow the Contractor to review the current jobsite conditions and define special requirements.
	B. All Requests for Information (RFI) shall be directed to the Consultant and should be received by Close of Business (COB) on DATE.
	C. All bids must be received at the Warrenton office of Polysonics to the attention of the Consultant.  All bid proposals (electronic copy) are due to Polysonics no later than TIME on DATE.
	D. Hard copies of the bid proposals will be accepted by TIME on DATE.
	1. Please submit three hard copies.

	E. The opening of the bid proposals will be held between Polysonics and the Owner’s Representative, with no bidders present.

	1.13 BID/TECHNICAL PROPOSALS
	A. A mandatory pre-bid site visit will be utilized to allow the contractor to see the current jobsite conditions. This meeting will be scheduled in advance with the Owner’s Representative.
	B. The Contractor shall be experienced in the provision of systems similar in complexity to those required for this project and Contractor shall provide documentation demonstrating the below minimum criteria:
	1. The primary business of the Contractor/Installer shall be the installation of audio or video systems.
	2. At least three (3) years’ experience with the specified equipment and systems.
	3. Experience with at least one project of similar size and complexity as outline in these specifications.
	4. Be an authorized dealer and service facility for the products specified and furnished.
	5. Maintain a technically trained installation crew and service crew for maintenance and installation of the specified system(s).
	6. Lead Installer shall have attended factory training in DSP and digital format for equipment specified in this specification.
	7. Contractor shall demonstrate that the installation staff consists of 50% CTS-I trained personnel and have at least one (1) CTS-D on staff.
	8. Final Audiovisual System(s) configurations shall be approved by the Owner’s Representative, Architect and Consultant.
	9. Upon request of the Owner/Consultant, Contractor shall demonstrate that he has:
	a. Sufficient facilities and equipment for this work.
	b. Sufficient staff with the appropriate technical expertise and experience for this project.

	10. All Bid proposals shall be valid for ninety (90) days from date received.
	11. Any deviations from specified equipment must be explained in full detail including reasons for any deviations and product comparisons to the originally specified product.  Submission of said comparisons does not constitute acceptance of changes an...

	C. Provide a list of five (5) references with locations, names of contacts, and contact phone and email information with brief system descriptions and dollar amounts for each reference. References shall be no more than three (3) years old and be of si...
	D. Provide a detailed equipment list in Microsoft Excel format (both hard copy and electronic) showing Item Number, Item Description, Manufacturer, Part Number, Quantity, and Price. This equipment list shall be generated from this document, related pr...

	1.14 PRE-BUILD AND FINAL SUBMITTALS
	A. Provide the following for approval no later than thirty (30) days after Notice to Proceed and prior to commencement of work:
	1. A complete list of all products incorporated within the work with all quantities listed. Each product shall be listed with specification section references in Excel format.
	2. Complete functional diagrams of each system required for a complete and operational system with descriptive narratives of any deviations from the specified system design.
	3. All shop drawings defined as required.
	4. Suspended loudspeaker rigging design/details with a Professional Engineer’s certification as described in section 3.5.
	5. Contractor shall supply to Consultant / owners’ representative, all DSP and control graphical user interface layouts for review and comment and approval.  Contractor shall provide any necessary adjustments to software as deemed by the Consultant an...

	B. Shop Drawings:
	1. Shall not be smaller than 24”x36” and shall be sized as appropriate for thorough understanding of system(s).
	2. Shall be scaled appropriately but not less than 1/8” =1’.
	3. Shall show detailed schematic wiring diagrams showing interconnection of Contractor-provided components and fabricated products, wiring and cabling diagrams depicting cable types, and device designators. Each component shall have a unique designato...
	4. Shall show location of all equipment in racks, consoles, or on tables, with complete dimensions, wire routing, and cabling.
	5. Shall show all AC power outlet locations and terminal strip locations within each equipment rack including all sequencing as required for proper start-up and shut down.
	6. Shall show plans and sections of the building and adjacent grounds with the location of all installed equipment such as loudspeakers, racks, consoles, plates/panels, antennas, (etc.).
	7. Shall show patch panel layouts and labeling strips, including color schemes, as necessary.
	8. Shall show full fabrication detail of custom enclosures and millwork indicating dimensions, material, finish, and openings for equipment.
	9. Shall show all speaker mounting details including hardware types and load capacity. Structural information with design calculations and a copy of the PE’s certifications for each item/drawing.
	10. Shall provide complete drawings for all fabricated plates and panels. Drawings shall include dimensional locations of components, component type, engraving information, plate color information, and a complete bill of materials for each plate and s...
	11. Shall show complete labeling schemes for all cabling and equipment components for project. Include font size and styles along with a sample cable label and equipment label. All labeling shall be consistent within the project scope.
	12. Shall show a complete wire schedule showing source and destination and indicating conduit location and sizing. Provide conduit sizing and layout coordination information.

	C. Submittal Format: (PDF version)
	1. Arrange product data in alphanumeric order by system type and room indicate on cut sheet the options provided.
	2. Separate major groupings Use multiple volumes / list of content
	3. Index product data sheets by manufacturer and model or part number.
	4. Each submittal shall include a unique numbering scheme and be numbered in consecutive order.
	5. Reference addendum or change order numbers as applicable.
	6. Reference specification section, part, article, paragraph, and/or drawing reference as applicable.
	7. Provide via pdf, posted to FTP, thumb drive and or CD / DVD ROM.
	8. Each submittal shall include a complete table of contents with the following information:
	a. Project title and number.
	b. Submittal number.
	c. Date of submission.


	D. Submittal Format: (Printed Option if Required)
	1. Each submittal shall be in three-ring binders no larger than 3” spines and sized for 150% of material enclosed. Use multiple volumes if necessary.
	2. Arrange product data in alphanumeric order by system type and room.
	3. Separate major groupings with labeled binder tabs.
	4. Index product data sheets by manufacturer and model or part number.
	5. Each submittal shall include a unique numbering scheme and be numbered in consecutive order.
	6. Reference addendum or change order numbers as applicable.
	7. Reference specification section, part, article, paragraph, and/or drawing reference as applicable.
	8. Each submittal shall include a complete table of contents with the following information:
	a. Project title and number.
	b. Submittal number.
	c. Date of submission.



	1.15 PROJECT CONDITIONS
	A. Verify conditions on the job site applicable to this work. Notify Owner’s Representative / Consultant in writing of discrepancies, conflicts, or omissions promptly upon discovery.
	B. If conditions exist on the jobsite which make it impossible to install work as shown on the drawings or detailed in the specifications, recommend solutions and submit drawings showing how the work may be installed as well as an adjusted new schedul...

	1.16 QUALITY ASSURANCE
	A. Provide and maintain an effective Quality Control program and perform sufficient inspections, surveys and tests of all items of work, including those of other trades, to ensure compliance with the contract documents.  Furnish appropriate facilities...
	B. Manufacturer Qualifications:  All system components shall be furnished by the manufactures of established reputation and experience who shall have produced currently operating audiovisual equipment and services. Manufacture shall be able to similar...
	C. Bidder Qualifications: The bidder shall furnish in writing to the Owner proof of compliance with the manufacturer’s system installation certification program.
	1. Hold all legally required state contractor’s licenses necessary to accomplish the installation and activation of the described system at the facilities indicated.  Contractor shall submit copies of licenses to the Owner prior to the start of work.
	2. Have a local office staffed with factory-trained technicians, fully capable of engineering, supervision installation, and system start-up. Providing the Owner training, and servicing hardware and software for systems of similar complexity and funct...
	3. Indicate complete and total compliance with the provisions of this specification by letter, signed by an officer of the corporation, or a principal if other ownership currently exists.  This letter shall also clearly identify any exceptions to spec...


	1.17 PRE-INSTALLATION MEETING/SCHEDULE
	A. Prior to the start of the work, and at the Owner/Consultant's direction, meet at the project site to review methods and sequence of installation, special details and conditions, standard of workmanship, testing and quality control requirements, job...
	B. A Conduit/Wiring Analysis shall be conducted at the Pre-Installation Meeting.  The Contractor shall submit “as-built” drawings locating all existing conduit runs, junction boxes, and electrical outlets.  Show location and type of all special recept...

	1.18 FINAL INSPECTION AND TESTING / COMMISSIONING
	A. Upon completion of installation and Contractor testing and commissioning (as outlined in sections 3.8-3.20, the Consultant shall perform system(s) inspection and testing (as outlined in section 3.21.
	B. To assist the Consultant, the Contractor shall provide a minimum of one person for inspection and two persons for testing who are familiar with all aspects of the specified system(s).
	C. The process of testing the system(s) may necessitate moving and/or adjusting certain components such as speaker aiming, transformer tap values, software adjustments, DSP adjustments.
	D. Testing will include operation of each system and all components. The Contractor will provide required test equipment, tools, and materials required to perform necessary repairs and/or adjustments.
	E. In the event that adjustments or work is required during testing, or to bring the systems into specification, the Contractor shall continue his work until the system(s) are acceptable with no addition to the contract price. If approval is delayed d...
	F. All Control Systems shall be fully tested prior to commissioning.  Once the Control Programming is finalized all source code, programming, and touch panel software shall be burned on to a CD ROM or thumb drive, and delivered to the Owner.  All Cont...

	1.19 WARRANTY
	A. All equipment provided by the Contractor shall be installed per manufacturer’s specifications and warranted by the Contractor for a period of one (1) year from the date of written acceptance to meet all performance requirements outlined herein. War...
	B. During the warranty period, no charges shall be made for any labor, equipment, or transportation to maintain performance and functions.
	C. The Contractor shall respond with a remedy to a trouble call within twenty-four (24) hours upon receipt of such a call, and shall provide a 24-hour service phone number. Downtime for system(s) shall be no longer than a 24-hour period. All replaceme...
	D. Equivalent replacement equipment shall be temporarily provided when immediate on-site repairs cannot be made.
	E. At least two routine inspections and adjustment visits shall be scheduled for the first year, coordinated with Owner’s Representative.
	F. Provide a separate price for an optional yearly service contract for five (5) years, to begin at the end of the initial warranty and service contract. Provide details on coverage and options.
	G. The Contractor shall be present at the first use of the system (scheduled by the Owner), and one (1) additional event as requested by the Owner for no additional charge.

	1.20 INSTRUCTION OF OWNER PERSONNEL
	A. After final inspection and completion, provide instruction to Owner-designated personnel on the operation and maintenance of the system(s).
	B. A training program shall be designed to provide a comprehensive understanding and basic level of competence with the system.  It shall be sufficiently detailed to allow Owner personnel to operate the system independent of any outside help.
	C. The training plan or class shall include detailed sections outlines and related reference materials.  The Owner personnel shall be able to utilize these materials in the subsequent training of their co-workers.
	D. Submit an outline of the course with sample instructional aids for approval one (1) week prior to scheduled instruction sessions.
	E. The training time shall not be less than a total of 32 hours, and shall consist of:
	1. Three periods:  Sixteen (16) hours during normal day shift for system operators.  Specific scheduled shall be established at the convenience of the Owner.  The sixteen hours shall be broken down into several sections.
	2. Eight (8) hours of system training shall be provided to Owner supervisory personnel so that they are familiar system operation.
	3. Eight (8) hours of system maintenance familiarization training shall be provided to Owner’s telecommunications personnel.



	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Electronic component models shall be commercially available for a least one (1) year prior to bid, or be approved by the Consultant and or Owner’s Representative.
	B. All equipment and material shall be new unless otherwise noted in this specification.
	C. All equipment must be UL listed or built to UL standards, where required.

	2.2 GENERAL
	A. All equipment shall be professional grade and rated for continuous duty. Basic guidelines have been prepared with manufacturer names, makes, and model numbers included as minimum performance requirements. These must be satisfied, unless a variance ...
	B. System(s) shall be installed and configured for simplicity of operation, with user-friendly controls.
	C. Provide product quantity as required for complete and operable system(s). If any quantities are given, the Contractor shall provide at least the given amount. Some of the products listed under this section may not be required to fulfill the work as...
	D. Regardless of the length or completeness of the descriptive paragraphs listed herein, each device shall meet published manufacturer’s specifications.
	E. Remove all manufacturer’s nameplates or logos from product, such as found on speaker(s), within the public sight lines or spaces when applicable.
	F. Paint all wall and ceiling mounted speaker grilles and enclosures as directed by the Consultant/Architect.
	G. The Contractor is responsible for providing a fully operational turnkey audiovisual system.  The following equipment list and attached drawings are for final design intent purposes.

	2.3 INPUT SOURCES
	A. Owner provided sources.

	2.4 AUDIO EQUIPMENT
	A. Ceiling Speaker (s)
	1. Nominal Coverage Angle: 110
	2. Directivity Index (DI): 4.6 dB
	3. Rated Maximum SPL: 106 dB SPL @ 1m (3.3 ft)
	4. Frequency Range: 75 Hz - 20 kHz
	5. Acceptable Product:
	a. JBL Control 26CT, or approved equal


	B. Receiver single Chanel for Wireless Microphones
	1. Individual gain controls, LED meters, and XLR output
	2. Digital predictive switching diversity
	3. Up to 60 dB independently adjustable gain for each channel
	4. Audio and RF LED meters with peak indicator
	5. Switchable mic/line output level
	6. Provide with all necessary antennas and accessories
	7. Acceptable product:
	a. Shure ULXD4, Shure UA8, or approved equal


	C. Body Pack Transmitter
	1. Metal construction
	2. Detachable ¼ wave antenna
	3. Frequency and power lockout
	4. >120 dB dynamic range
	5. AES 256-bit encryption for secure transmission
	6. 100 meter (300 feet) line-of-sight operating range
	7. Provide with lavalier microphone
	8. Acceptable product:
	a. Shure ULXD1 (Qty:1), Shure WL185 (Qty:1), or approved equal


	D. Handheld Transmitter
	1. Metal construction
	2. Frequency and power lockout
	3. >120 dB dynamic range
	4. AES 256-bit encryption for secure transmission
	5. 100 meter (300 feet) line-of-sight operating range
	6. Provide with an SM58 Microphone head
	7. Acceptable product:
	a. Shure ULXD2/SM58 (Qty:1), or approved equal


	E. DSP (DSP Type 1)
	1. 12 input channels
	2. 8 output channels
	3. 8 Programmable USB I/O channels
	4. AVB audio network interface
	5. Expandable to 128x128 channels via AVB
	6. Network-centric architecture
	7. Acceptable Product:
	a. Biamp TesiraFORTE AVB AI, or approved equal


	F. Amplifier Type 1
	1. Two channels with bridgeable channels
	2. Signal, clip, and protect LED
	3. Low Z & 70V/100V
	4. Screw terminal output connectors
	5. Nomad Link network ready
	6. Acceptable Product:
	a. Type 1 100 watts per channel at 70v Lab Gruppen E2:2, or approved equal


	G. ADA/Assistive Listening System (ALS1)
	1. Superior audio quality – 80 dB signal-to-noise ratio (SNR)
	2. 57 selectable channels
	3. 100% Digital
	4. Limited Lifetime Warranty
	5. Balanced/Unbalanced Inputs
	6. Provide with receiver package
	7. Acceptable Product:
	a. Listen Technologies LT-800-072-P1, Listen  Technologies LP-40-072, or approved equal



	2.5 VIDEO EQUIPMENT
	A. Flat Panel Display (FP1)
	1. Viewable Image Size: 80"
	2. Native Resolution: 1920 x 1080
	3. Pixel Pitch: 0.92mm
	4. Backlight Type: LED Edge-lit
	5. Brightness (typical): 320cd/m2
	6. Contrast Ratio (typical): 5000:1
	7. Provide with wall mount and surge protector
	8. Acceptable Product:
	a. NEC V801-TM, Chief XTM1U, SurgeX SA-82, or approved equal


	B. Receiver and Room Controller
	1. Multi-format presentation switcher, scaler and control system
	2. Integrated 3-Series Control System® allows fully-programmable room control
	3. Includes four auto-switching HDMI®, VGA, and stereo analog audio inputs
	4. Includes two DM 8G+® inputs
	5. Also supports Dual-Mode DisplayPort, DVI, HDBaseT®, and analog video sources
	6. Input auto-detection configures each input automatically
	7. Performs automatic AV signal format management via EDID
	8. Provides parallel HDMI and DM 8G+ outputs for one or more display devices
	9. Features a built-in, high-performance 4K scaler
	10. Provides a balanced stereo audio output with graphic EQ, limiting, and delay
	11. Enables USB signal routing via DM transmitters and receivers or USB-EXT-DM extenders
	12. Includes onboard IR, RS-232, relay, digital input, and Cresnet® control ports
	13. Furnishes Power over DM® or HDBaseT for PoDM/PoH-powered devices
	14. Acceptable Product
	a. Crestron DPMS3-4K-150-C, or approved equal


	C. Multi-Format Transmitter
	1. DigitalMedia 8G+™ transmitter and multimedia interface
	2. Built-in 2x1 AV switcher
	3. DM 8G+™ output supports up to 330 ft cable length
	4. Provides HDMI® and RGB/component video inputs
	5. Also supports DVI and DisplayPort Multimode sources
	6. Includes mini-TRS stereo audio input
	7. Provides onboard auto-switching capability
	8. Includes USB HID keyboard/mouse port
	9. Powered over the DM connection or local power pack
	10. Performs automatic AV signal format management via EDID
	11. Acceptable Product
	a. Crestron DM-TX-200-C-2G, or approved equal


	D. HDMI Receiver
	1. DigitalMedia 8G+® receiver and display controller
	2. Connects to a DM® switcher or transmitter over a single CAT type twisted pair cable
	3. HDBaseT® Certified
	4. Provides one HDMI® or DVI display output
	5. Handles video resolutions up to 4K and Ultra HD
	6. HDCP 2.2 compliant
	7. Enables device control via CEC, IR, RS-232, and Ethernet
	8. Acceptable Product
	a. Crestron DM-RMC-4K-100-C, or approved equal


	E. Pan Tilt Zoom Camera
	1. 12X Optical Zoom Lens
	2. Exmor 1/2.8-Type 2.34 Megapixel (1080p/60 native) high-speed, low noise CMOS image sensor
	3. HDMI Output
	4. 73  Wide Horizontal Field of View
	5. Built-in web server for configuration, control and remote management
	6. Provide with ceiling mount
	7. Provide with camera extender
	8. Acceptable Product:
	a. Vaddio RoboSHOT 12 HDMI, Vaddio 535-2000-206, Vaddio OneLink HDMI, or approved equal


	F. Streaming Recorder
	1. Record at 480p, 720p, 1080p, 1024x768, or 1280x1024 resolution
	2. Stream at resolutions from 512x288 to 1080p/30
	3. Stream and record simultaneously
	4. Produces MP4 media files
	5. HDMI, component, composite inputs
	6. HDCP-compliant input and output signal management
	7. RS‑232, Ethernet, and digital I/O control ports
	8. Acceptable Product:
	a. Crestron Capture HD, or approved equal



	2.6 CONTROL EQUIPMENT
	A. Touch Panel (TP1)
	1. 4.3" widescreen active-matrix color touch screen
	2. 800 x 480 WVGA display resolution
	3. High-performance H.264 streaming video
	4. White LED button backlighting and feedback
	5. Custom engravable button text
	6. Single-wire Ethernet connectivity
	7. PoE network powered
	8. Acceptable Product:
	a. Crestron TPMC-4SMD, or approved equal


	B. Network Switch (Audiovisual System)
	1. Gigabit Speed with non-blocking architecture supporting 100% Gigabit throughput
	2. AV control  VLAN
	3. AV audio VLAN
	4. Static routing
	5. IGMP and MLD snooping, providing advanced multicast filtering
	6. 24 Gigabit copper 10/100/1000Base-T Ports PoE+
	7. 2 dedicated SFP ports with SFP fiber modules
	8. Switch control and security configuration per UDC OIT Requirements
	9.  With rack mounts
	10. Compatible with IEEE 802.1 AVB standard
	11. Provide routing configuration for streaming audio and video
	12. Acceptable Product:
	a. Cisco WS-C3650-24PD , or approved equal


	C. Wall Plate USB Extender TX
	1. Extends USB peripherals up to 330 feet (100 meters) point-to-point on one CATx cable or up to 1,980 feet (600 meters) through a Gigabit Ethernet network
	2. Supports USB 2.0 to 1.0 devices and USB 3.0 devices that can operate at USB 2.0 data rates of up to 480 Mbps
	3. Compatible with CATx twisted pair cable
	4. Peripheral emulation
	5. Acceptable Product:
	a. Extron USB Extender Plus D T, Crestron, or approved equal


	D. USB Extender TX
	1. Extends USB peripherals up to 330 feet (100 meters) point-to-point on one CATx cable or up to 1,980 feet (600 meters) through a Gigabit Ethernet network
	2. Supports USB 2.0 to 1.0 devices and USB 3.0 devices that can operate at USB 2.0 data rates of up to 480 Mbps
	3. Compatible with CATx twisted pair cable
	4. Peripheral emulation
	5. Acceptable Product:
	a. Extron USB Extender Plus T, Crestron, or approved equal


	E. USB Extender RX
	1. Extends USB peripherals up to 330 feet (100 meters) point-to-point on one CATx cable or up to 1,980 feet (600 meters) through a Gigabit Ethernet network
	2. Supports USB 2.0 to 1.0 devices and USB 3.0 devices that can operate at USB 2.0 data rates of up to 480 Mbps
	3. Compatible with CATx twisted pair cable
	4. Peripheral emulation
	5. Receiver features an integrated four port hub with 5 Volts, 500 mA available on each port
	6. Acceptable Product:
	a. Extron USB Extender Plus R, Crestron, or approved equal


	F. USB Switch 4 input
	1. Outputs: Four female USB type A connectors
	2. USB 2.0 compatible
	3. Four port output hub with 5V, 500mA available on each output
	4. Peripheral emulation
	5. RS-232 pass-through
	6. Acceptable Product:
	a. Extron SW4 USB Plus, Crestron, or approved equal



	2.7 MISCELLANEOUS EQUIPMENT
	A. Video Cables and Adapters
	1. 6’ HDMI Cable
	2. 6’ VGA  and Audio Cable
	3. Display Port to HDMI Cable / Adapter
	4. Acceptable Product:
	a. Extron HDMI Ultra/6 (Qty:1), Extron MVGA-A M-M/6 (Qty:1), Extron DP-HDMIF (Qty:1) , Crestron, or approved equal



	2.8 PLATES AND PANELS/FLOOR BOXES
	A. Provide plates and panels as described/detailed in the drawings and as required for fully operable system(s).
	B. Custom plates shall be 1/8” thick aluminum, standard EIA sizes, sized to cover rough- in/boxes behind plates.
	C. Plastic plates are not allowed or accepted.
	D. Lettering shall be in all caps and numbers engraved with black or white lettering to the base material with a minimum size of 0.25”.
	1. Font Size shall be 1/8”
	a. Font Style shall be Helvetica


	E. Acceptable manufacturer of custom plates and panels shall be:
	1. RCI Custom – AL/ALOS series Aluminum Wall Plates
	a. Provide AL series Aluminum Plates for floor and in wall box assemblies.
	b. Provide ALOS series Aluminum Plates for wall boxes.
	c. Or approved equal



	2.9 PROPOSED SUBSTITUTIONS
	A. Where specific equipment is described, it is not the intention to discriminate against the products of other manufacturers, but rather to establish a standard of quality. All proposed substitutions should be submitted as alternates with exemption d...
	B. The Owner’s Representative and or Consultant requires manufacturer’s original specification tests. The Owner’s Representative and or Consultant will evaluate and approve/disapprove all substitutions.
	C. Items designated “no substitutions” shall be that specified item only. Submission of items other than specified shall not be considered and may disqualify RFP submission.

	2.10 CABLES AND WIRING
	A. All audio cable shall be stranded copper conductors.
	B. Shielded cables located in raceways shall have aluminum foil shield with drain wire.
	C. Plenum Rated / Non-Plenum Ratings: Cable routed in conduits and or equipment racks can have non-plenum rated (PVC) jacket.  All other cables shall have a plenum or riser rated jacket compliant to the cable run and purpose.  Cable runs shall be cont...
	D. Cable Selection:  Based on signal type as indicated on single line diagram, noted at equipment input, or output connection type. Wire manufacturer and part numbers are provided as a basis of cable quality and signal characteristics. Alternate cable...
	E. Cable Types:
	1. Microphone and Line Cable:
	a. Configuration: Twisted pair, 22 AWG West Penn 291 plenum 25291

	2. Low Impedance Loudspeaker Cable: (Select gage based on cable run and wattage)
	a. Configuration: Twisted pair, 8 AWG West Penn C208
	b. Configuration: Twisted pair, 10 AWG West Penn C210 plenum 25210
	c. Configuration: Twisted pair, 12 AWG West Penn C227 plenum 25227
	d. Configuration: Twisted pair, 14 AWG West Penn C226 plenum 25226

	3. High Impedance Loudspeaker Cable (25V / 100V) (Select gage based on cable run and wattage)
	a. Configuration: Twisted pair, 14 AWG West Penn C226 plenum 25226
	b. Configuration: Twisted pair, 16 AWG West Penn C225 plenum 25225
	c. Configuration: Twisted pair, 18 AWG West Penn C224 plenum 25224

	4. Wireless Microphone Antenna Cables with-in equipment racks: (Select type based on cable length an signal loss)
	a. Configuration: RG-58/U solid center conductor West Penn 812 plenum 25812

	5. Wireless Microphone and Hearing Assistance Antenna Cables outside of equipment racks
	a. Configuration:  RG-8/U solid center conductor West Penn 98G8 plenum 2598G8

	6. Video Tie Line Cable: Digital Video SDI, HD-SDI
	a. Configuration:  RG-59/U 20 AWG solid center conductor precision video cable West Penn 819 plenum 25819
	b. Configuration:  RG-59/U 25 AWG solid center conductor precision video cable West Penn HD825 plenum HD25825
	c. Configuration:  RG-59/U 20 AWG solid center conductor precision video cable Belden 8281

	7. Network Cable for video and audio streaming transport. (H.264, Cobranet HDBaseT and Daunte)
	a. Unshielded Twisted pair Category 5e Cabling West Penn Wire 254245
	b. F/UTP Category 6 Cabling West Penn Wire 254246AF
	c. Shielded Twisted pair HDBaseT Cabling Extron XTP DTP 24

	8. RS-232 Control Cable
	a. Configuration: Twisted pair, 22 AWG West Penn 291 plenum 25291
	b. 9-conductor 22AWG. communications cable: Belden 9945.
	c. 9-conductor 18AWG. communications cable: Belden 83659.

	9. HDMI (High-Definition Multimedia Interface)
	a. Carries

	10. DisplayPort
	a. Carries

	11. 75 Ohm video / RF Cabling
	a. Trunk video cable (RG6): West Penn 841 plenum 25841
	b. Trunk video cable (RG11): West Penn 821 plenum 25821
	c. RF CATV cable (RG6): West Penn Q841 plenum 25Q841
	d. RF CATV cable (RG11): West Penn Q 821 plenum 25 Q 821

	12. Cable manufacturer recommendations:
	a. West Penn Wire and Cable
	b. Belden
	c. Extron
	d. Crestron
	e. AMX
	f. Substitution: By approved substitution means.



	2.11 LOUDSPEAKER CLUSTER RIGGING/OR ANY CUSTOM FLYWARE
	A. Provide rigging, hardware, suspension cables, and all appropriate hardware for the clusters as required for a fully operable system. Including any necessary support steel or additional steel required for proper rigging and suspension. A structural ...
	1. Acceptable manufacturers for all mounting bars and trusses:
	a. ATM Flyware,
	b. Custom by Speaker Manufacturer
	c. Engineered approved custom.




	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. All equipment shall be mounted with sufficient clearance to meet all applicable codes and facilitate observation and testing.
	B. All equipment shall be securely fastened with appropriate fittings to ensure positive grounding and be free of ground loops throughout the entire system.
	C. Units shall be installed parallel and square to building lines. All wires shall be gathered and fastened to create an orderly installation.
	D. Electronic equipment shall be permanently mounted in equipment racks or as applicable to the equipment and application.
	E. Contractor shall follow all applicable ANSI / INFOCOMM standards as a basis of design, fabrication, construction, and Performance Verification.
	F. Provide shaft locks or security covers on non-user operated equipment having front panel access.
	G. Install XLR-type connectors wired as follows: Pin 2 High, Pin 3 Low, and Pin 1 Shield.
	H. Mount all equipment, speakers, plates and panels, plumb and level.
	I. Permanently install all equipment to be firmly mounted and held in place. Provide necessary equipment supports to hold and support loads with at least a 5:1 safety factor.
	J. Contractor shall validate bracing or blocking for proper mounting and safety.
	K. Contractor shall provide seismic bracing for appropriate equipment where the project is in a   seismic zone or it is required by local codes and or installation practices.

	3.2 EQUIPMENT HOUSING
	A. Equipment Enclosures / Racks:
	1. Install all audiovisual equipment within equipment racks according to manufacturer’s recommendations and product application.
	2. Provide adequate ventilation, thermal management and temperature controlled fans to maintain a rack temperature of less than 85 degrees Fahrenheit.
	3. Provide rear support and rear rack rails for housing mounted equipment greater than 15” deep.
	4. Allow a minimum of 20% open rack space to support future expansion.
	5. Fill all empty spaces with blank panels, sizing as required; painted and or anodized to match housing.
	6. Locate operator useable equipment and patch panels at an appropriate operating height.
	7. Key all door locks for each housing type (front, rear) alike.
	8. Looking at the equipment racks from the rear of the racks, install all AC power and ground cabling on the left and audio and video cabling on the right.
	9. Provide LED lights mounted in the top of every two racks to illuminate the interior for service or maintenance. LED lights shall be individually switch-able and placed so as to provide maximum illumination throughout the rack.
	10. Dress all loose cabling for a clean and orderly rack. The use of electrical tape for cable management is prohibited.
	11. The use of tie wraps for network UTP, STP, and optical fiber cabling is prohibited.
	12. Provide nylon braded sleeving for wiring harnesses for a clean installation of cabling that is visible to user areas. Sleeving color shall be coordinated with location and device color.


	3.3 PATCH PANELS
	A. Audio Patch panel configuration:
	1. Patch panel shall be located in designated racks as shown on drawings.
	2. All patch panels shall be in consecutive rack spaces located approximately 46” above the floor.
	3. Locate inputs from microphone input plates and floor plates on the top row of each patch bay.
	4. Locate sends and tie-lines on the bottom row of each patch bay.
	5. Coordinate final patch bay normaling as directed by the Owner’s Representative and or Consultant.
	6. Provide 24”x32” reference diagram of the patch bay system. The layout shall be easily understood. Mount diagram behind Plexiglas and mount in the rack or control room close to the patch bay rack.
	7. Diagram shall show all input and output locations, patch normals, and any console connections and interconnection of rooms and equipment.

	B. Video Patch Panel Configuration:
	1. Patch panel shall be located in designated racks as shown on drawings.
	2. All patch panels shall be in consecutive rack spaces located approximately 46” above the floor.
	3. Locate inputs from microphone input plates and floor plates on the top row of each patch bay.
	4. Locate sends and tie-lines on the bottom row of each patch bay.
	5. Coordinate final patch bay normaling as directed by the Owner’s Representative and or Consultant.
	6. Provide 24”x32” reference diagram of the patch bay system. The layout shall be easily understood. Mount diagram behind Plexiglas and mount in the rack or control room close to the patch bay rack.
	7. Diagram shall show all input and output locations, patch normals, and any device connections and interconnection of rooms and equipment.

	C. Unshielded Twisted Pair UTP / STP RJ-45 Patch Panel Configuration:
	1. Patch panel shall be located in designated racks as shown on drawings.
	2. All patch panels shall be in consecutive rack spaces located approximately 46” above the floor.
	3. Configure and terminate patch bay per TIA / EIA standards.


	3.4 LABELING
	A. Device Labeling:
	1. Provide, for each piece of rack-mounted equipment, a printed label (black background and white lettering) and attach to the front of the equipment. Install in a plumb, level, and permanent manner. Provide rear mounted labeling for all rack-mounted ...
	2. Provide engraved label on each user-operated control that describes the function or purpose of the control as appropriate. Adjust size of label to appropriate size for location.

	B. Rack Labeling:
	1. Provide custom project plates at the top of each equipment rack designating Consultant and installation Contractor (see rack elevations for details).
	2. All rack panel labeling shall be engraved and filled.

	C. Wire and terminal strip labeling:
	1. Provide each terminal strip with a unique descriptor and numerical designator for each strip. Show strip information on the drawings.
	2. Provide logical and legible cable and wiring labels permanently attached for easy identification to each cable on both ends.
	3. Label on cables shall be adhesive style striping covered with clear, heat shrink tubing, sized appropriately for the cable.
	4. Wiring designator shall be alphanumeric code, unique for each cable.
	5. Each cable type shall be labeled starting with different destinations (i.e. mic series “Mxxx”, speaker series “Sxxx”, etc.).
	6. On projects that have multi room connectivity the source and destination room numbers should be the prefix for the cable number indicting a cable that traverses between two rooms.
	7. Locate the cable designator at the origination and the destination of each circuit. Locate cable designator within 2” of connection point.


	3.5 LOUDSPEAKER SUSPENSION
	A. Requirements:
	1. All loudspeakers shall be suspended or mounted at the appropriate operating position in a safe, secure and permanent manner.
	2. The aiming direction of all loudspeakers and speaker clusters shall be adjustable in plus or minus 5-degree increments.
	3. All loudspeakers enclosures being flown or suspended shall have internally integrated mounting brackets to distribute the load to the rigging points on each speaker cabinet. Contractor shall provide internal bracing as required if not incorporated ...
	4. At all times, speakers to be mounted or flown shall be intentionally designed for the purpose of suspension with integrated rigging points designed into the speaker cabinet by the manufacturer.
	5. All loudspeakers shall have permanently attached grilles with all manufacturer logos removed.
	6. All loudspeaker cables/wiring shall disconnect from a junction box located in the same speaker cavity as the speakers or clusters. Provide a single loudspeaker cable assembly that connects from the junction box to the speaker cluster and allows cab...
	7. Structural support members shall have a safety factor of at least 5:1.
	8. All mounting hardware and wire rope shall have a safety factor of 8:1.
	9. All fasteners, bridles, carabineers, quick links, shackles, etc. shall be of forged material and shall be manufactured for rigging.
	10. All speakers, speaker clusters, and rigging equipment shall be painted the same color if exposed to the public areas
	11. Certification Requirement:
	a. All rigging, mounting, and support systems for the loudspeaker clusters or suspended speakers shall be reviewed and certified by a registered Structural Engineer licensed in the state of the project. Once the systems are installed, the engineer sha...
	b. The Loudspeaker clusters shall not be installed before Engineer’s certification has been submitted. Stamped approval of all rigging shall be made from this same Engineer within the state of the project.



	3.6 OUTDOOR EQUIPMENT MOUNTING
	A. Outdoor Mounting Requirements:
	1. All outdoor mounting hardware shall be non-corrosive.
	2. Any exposed structural supports for speakers or other outdoor components shall be non-corrosive or covered with an inhibiting layer.
	3. Any components mounted outside shall be secured in such a way as to prevent movement caused by wind or storms.
	4. All speaker, microphone, line, and communications enclosures to include grill components capable of protecting the devices and keep the water and elements out of the components.
	5. Seal all connections on each speaker with a waterproof silicone sealant.
	6. Provide screened covering over all openings in horn type enclosures to keep out birds, insects, or small animals.


	3.7 PERFORMANCE STANDARDS
	A. Unless restricted by the published specifications of a particular piece of equipment, or unless otherwise required under the Detailed Specifications, the following performance standards shall be met within each system:
	1. Audio
	a. Frequency Response
	1) Within plus or minus 0.5dB, 20 Hz to 20,000 Hz.

	b. Signal to Noise Ratio
	1) greater than 90dB (including crosstalk and hum at all input/output levels)

	c. Total Harmonic Distortion
	1) 0.05% maximum from 20 Hz to 20,000 Hz.

	d. Microphone (Nominal): -50dbu
	1) Overload (Minimum gain) : -5dbu
	2) Maximum Gain: -26dbu

	e. Line (Nominal): +4dbu (-10dbu RCA connections)
	1) Overload (Minimum gain):+24bu
	2) Maximum Gain: +9dbu


	2. HDMI (High-Definition Multimedia Interface)
	a. HDMI, EIA/CEA-861 standard
	b. Data protocol: transition minimized differential signaling (TMDS)
	c. Bit Rate: Up to 18 Gbit/s in HDMI 2.0
	d. Audio Signal: LPCM, Dolby Digital, DTS, DVD-Audio, Dolby Digital Plus, Dolby TrueHD, DTS-HD High Resolution Audio, DTS-HD Master Audio, MPCM, DSD, DST
	e. HDCP and EDID capable
	f. Cable length 5-10 meters depending on cable type, further distances are achieved with active extender devices.

	3. Serial Digital Interface (SDI) per SMPTE standards as listed below
	a. HD-SDI – SMPTE 292M – data rate of 1.485 Gbit/s – single coax
	b. 3G-SDI – SMPTE 424M – date rate of 2.970 Gbit/s – single coax
	c. 6G-SDI – 6Gbit/s – 10-bit, 4:2:2 - single or dual coax

	4. DVI (Digital Visual interface)
	a.  Achieved with active extender devices.

	5. DisplayPort
	a. Low-voltage differential signaling, (LVDS), TIA/EIA-644,
	b. Data protocol: Mini-packet
	c. Bitrate: 1.62, 2.7, 5.4, or 8.1 Gbit/s data rate per lane; 1, 2, or 4 lanes; (effective total 5.184, 8.64, 17.28, or 25.92 Gbit/s for 4-lane link); 1 Mbit/s or 720 Mbit/s for the auxiliary channel. HDCP and EDID capable
	d. Cable length from 3-5 meters depending on cable type, further distances are achieved with active extender devices.

	6. Apple Thunderbolt
	a. Carries video, audio, and auxiliary data from source to display devices
	b. 20 Gbit/s max
	c.  3 meter cable length via copper cable, further distances are achieved with active extender devices.
	d. Wireless Video Technologies
	1) Computer Transport
	a) Based on IEEE 802.11 a/g/n standard
	b) Encryption AES CCMP
	c) Authentication Protocol WPA2-PSK
	d) Minimum input resolution WUXGA (1920x1200)
	e) Minimum output resolution WUXGA (1920x1200)
	f) Minimum frame rate 30 fps.
	g) Latency: less than .5s or better.


	e. Universal Serial Bus (USB) Transport
	1) USB over unshielded twisted pair (UTP) active extender
	a) Extends USB components from processor using a single or dual UTP cable.
	b) Maximum of 330’ (100M)
	c) Shall support USB 3.0, 2.0, 1.1, and 1.0 devices with data transfer rates up to 480 Mbps Authentication Protocol WPA2-PSK
	d) USB host support  xHCI (USB 3.0), EHCI (USB 2.0), OHCI/UHCI (USB 1.1)
	e) USB data rates  Low speed (1.5 Mbps), full speed (12 Mbps), high speed (480 Mbps)


	f. Networked based video and audio transport and recording protocols
	1) Network based video and audio streaming and recording standards are constantly being updated and improved and as such this section references specific standards and their current features / capabilities.
	2) H.264 MPEG 4 AVC
	a) Current Bit depth: (per sample) variable from 8 to 14 depending on selected feature.
	b) Current Features: allow video transport to provide more flexibility for application to a wide variety of network environments.
	c) Current Supported chroma formats: 4:2:0 / 4:2:2 / 4:4:4

	3) H.265
	a) H.265 is an emerging standard based on H.264 allowing for better higher resolution video quality using lower transmission rates.

	4) JPEG 2000
	a) Shall conform to ISO/IEC 15444 standard


	g. Video  and Audio teleconference
	1) Video Conference: Integrated Services Digital Network (ISDN)
	a) This is an older interface connection that is used within legacy systems and equipment that is based on the ITU H.320 I standard
	b) ISDN interface consists of basic(s) Rate Interfaces (BRIs), a 128 kbit/s service delivered over a pair of standard telephone copper wires. The 144 kbit/s payload rate is broken down into two 64 kbit/s bearer channels ('B' channels) and one 16 kbit/...

	2) Video Conference: Internet Protocol (IP)
	a) Based on the ITU H.264 Scalable Video Coding (SVC) standard

	3) Audio Conference: Plain old Telephone Service (POTS)
	a) Analog legacy phone interface based on WT 89-66-15 Quality standards.

	4) Voice over IP (VoIP) telephone
	a) Based on the H.323 Standard as well collaborative protocols to include:
	b) Media Gateway Control Protocol (MGCP)
	c) Session Initiation Protocol (SIP)
	d) H.248 (also known as Media Gateway Control (Megaco))
	e) Real-time Transport Protocol (RTP)
	f) Real-time Transport Control Protocol (RTCP)
	g) Secure Real-time Transport Protocol (SRTP)
	h) Session Description Protocol (SDP)
	i) Inter-Asterisk eXchange (IAX)
	j) Jingle XMPP VoIP extensions
	k) Skype protocol
	l) Teamspeak
	m) Manufacture specific code for SIP interfaces differ so if differing manufactures are used within a VoIP phone system then care must be taken to ensure that needed functions are intercomparable between manufactures.


	h. Control System User Interface
	1) Panel layouts and configurations shall be submitted for approval with or closely associated with the pre build submittal package.
	2) Control system user interfaces pages shall be designed for this project exclusively.  While there are a great number of design approaches to designing the user interface, the following guidelines shall be adhered to:
	a) Provide user and technical control functions and pages for all touch panels as well as for web controls.
	b) Control functionality shall be arranged in an intuitive fashion based on specific room uses and device functions. A separate password protected logon would provide technical support access that would include all device specific functions and comman...
	c) All panels are to have the time and date as icons, in the same position on every page.
	d) All panels are to have a title, indicating the piece of equipment and/or functionality being controlled.
	e) Each individual room type shall be given the same user interface design and layout, throughout the entire campus, to the greatest extent practicable.
	f) User interface design, shall, to the greatest extent possible – taking into account the variations in system functionality from room type to room type, maintain continuity throughout the campus.
	g) Final programming shall include capability to remotely control all functions of the Audio system.  Individual device controls shall provide full manufacturer’s functionality.
	h) Devices similar in nature shall be programmed to operate with a common format.
	i) No individual component shall be programmed to function atypically.
	j) Whenever the same button appears on more than one page, it will be in the same position on each page.
	k) Functions used during a general presentation shall be accessible with a minimal amount of button presses/page flips.
	l) Where feasible, multi-level access to controls should be implemented.
	m) User help screens shall be included as part of the touch panel designs.





	3.8 CONTRACTOR TESTING AND/OR COMMISSIONING
	A. Prior to energizing or testing the system(s), ensure the following:
	1. All products are installed in a proper and safe manner per the manufacturers’ instructions.
	2. Insulation and shrink tubing are present where required.
	3. Dust, debris, solder, splatter, etc. is removed.
	4. Cable is dressed, routed, and labels and all connections are consistent with regard to polarity.
	5. All labeling has been provided and installed.
	6. All products are neat, clean, unmarred and securely fastened.
	7. All debris has been cleaned and removed from the site.
	8. All electronic devices are properly grounded.

	B. Perform the following test. Record all results in the final project manual.
	1. Test each AC power outlet for proper connections for hot, neutral and ground.
	2. Measure and record the DC resistance for the technical ground in the equipment racks and console. Resistance should be 0.15 ohms or less.
	3. Measure the impedance of each speaker line from the amplifier rack.


	3.9 PERFORMANCE AUDIO SYSTEM TESTS
	A. Speaker Verification Test:
	1. Provide a low level distinctive tone to each amplifier input.
	2. Systematically turn on each amplifier, one by one, and verify that the correct speaker is being driven. Correct wiring as required for proper operation.

	B. Constant Voltage Speaker test:
	1. Provide a low level distinctive tone to each amplifier input.
	2. Systematically turn on each amplifier, one by one, and verify that the correct speaker is being driven. Correct wiring as required for proper operation.
	3. Walk the areas covered by the speakers and check for even level volume coverage. Adjust any speakers that are not correct by changing tap values as required for even volume level.

	C. Speaker Polarity:
	1. Use an electronic polarity checker to test each reinforcement speaker. All speakers should have the same relative polarity.

	D. System(s) Gain Adjustment:
	1. Adjust each active device to have unity gain from the console output to the input of the amplifiers.
	2. With all amplifiers turned off, connect a sine wave and pink noise to an input of the console. Using a RMS voltmeter, adjust the scale to an output between -10 and 0dBu. Once level has been established, it should remain unchanged throughout the tes...

	E. Signal Delay Adjustment:
	1. Adjust the delay speakers to ensure proper synchronization between the main speakers and the delayed speakers.
	2. Using TEF20 or SMARRT Live measure and adjust the arrival times of each speaker to be fully synchronized.

	F. Amplifier Level Adjustment:
	1. Adjust the gain of each amplifier to provide consistent and appropriate levels throughout the seating areas/facilities.
	2. With the console and other electronic devices feeding the amplifiers adjusted as described above, adjust the output of the console to be -10dB on the output VU meter.
	3. Adjust the appropriate amplifiers to achieve 85dBA in the area covered by one of the speakers. Use a calibrated sound level meter to make the adjustments.
	4. If the speaker is utilizing an active crossover, mute the individual bandpass sections to adjust each section independently.
	5. Start with the speaker closest to the stage area or the booth location as appropriate. Once that speaker has been adjusted to the above criteria, repeat this procedure for each speaker cabinet.
	6. Amplifiers should be set to provide an average of 85dBA plus or minus 1.5dB throughout each seating section.

	G. Amplifier Level Adjustment 70 volt System:
	1. Adjust the level of the 70 volt systems to achieve a volume level appropriate for their location and intended use.
	2. After initial amplifier adjustment, walk all areas utilizing the 70 volt systems and check for volume uniformity. If any changes of 3dB or more occur, adjust that specific area or speaker as required for even coverage.

	H. Input Verification Test:
	1. Using a microphone, portable signal generator, or CD player, send signal from every microphone input to the console. Check every connection location in the facility.
	2. Verify video signal presence at each component input with test equipment and verify the proper signal and uniform strength.
	3. Verify that the receptacle under test appears at the correct position on the patch bay and is operating properly.
	4. In a similar manner, check any other inputs or tie lines, as appropriate.

	I. Impedance:
	1. Measure absolute impedance value of each loudspeaker line at 250, 500, 1000, and 2000 Hz without the amplifier connected but with all speakers connected.  Record the impedance levels versus frequency for each loudspeaker line.
	2. Impedance must not be below the rated load impedance of respective amplifier and may be any value equal to or above that.
	3. Check the resistance of the lines for loudspeaker, line level, and microphone receptacles with the receptacles opened and shorted.  Document and repair any shorts or discontinuities found.

	J. Polarity:
	1. Verify the polarity of each device in the shop to obtain true polarity throughout the system.
	2. Verify and document that polarity is kept throughout the system after wiring from inputs through output devices or receptacles.

	K. Gain Structure:
	1. Turn off amplifiers and set equalizers and filter controls to flat response.  Do not bypass any equalizers or filters.
	2. Adjust compressors and limiters to a 1:1 compression ratio and a +10 dBu limiting threshold.  Do not bypass these processors.
	3. Insert pink noise into the mixer or mixing console and adjust levels to obtain a 0 dBu reading for the mixer or mixing console output.  Distribute this output to all systems and subsystems.
	4. Adjust the output of line level electronics and signal processors to obtain a 0 dBu output at the output terminals.  For equipment with input level controls, adjust the input controls so that input levels peak at -10 dB.  For equipment not capable ...
	5. Turn amplifier gain controls to minimum and turn on the power amplifiers.   Adjust the gain controls to achieve a +4 dBu output level for low impedance amplifiers and a +18 dBu output level for high impedance or constant voltage amplifiers.

	L. Hum and Noise Level:
	1. Without changing the gain, terminate microphone and line level inputs with proper shielded resistors of 150 and 600 ohms respectively.
	2. Measure and record overall hum and noise levels for each power amplifier output from each input and with all inputs simultaneously.  Hum and noise shall be at least 50 dBA below rated power output levels with amplifier controls set for optimum sign...

	M. Electrical Distortion:
	1. Load amplifier outputs with appropriate resistors matching the nominal impedance of the output terminals in place of the actual loudspeaker loads.
	2. Adjust gain controls as for hum and noise level test.
	3. Apply 250 Hz, 500 Hz, 1 kHz, and 2 kHz sine wave signal from an oscillator with less than 0.01% Total Harmonic Distortion to one input, such that a level of 0 dBu is obtained on the mixer.
	4. Measure and record the electrical distortion at each power amplifier output.  Distortion shall be less than 0.5%.

	N. Parasitic Oscillation and Radio Frequency Pick-up:
	1. Set up system for each specified mode of operation.
	2. Using a 5 MHz bandwidth oscilloscope and loudspeaker monitoring.
	3. Ensure that the system is free from spurious oscillation and RF pick-up with the absence of any input signal and with a 160 Hz signal at a 0 dBu level on the mixer or mixing console.
	4. Repeat this test for each mode of operation of the lighting dimmers (incandescent, neon, and fluorescent).

	O. Background Noise:
	1. Using a calibrated ANSI S1.4-1983 (1997) Type 1 or IEC 60651-01-1994, precision sound level meter, determine the average ambient noise level in the room.  Record the level derived.  The average background noise shall be 60 dBA or below during perfo...

	P. Buzzes and Rattles:
	1. Apply a 1 kHz sine wave signal such that a 0 dBu level is obtained on the mixer or mixing console.
	2. Sweep loudspeaker systems from 50 Hz to 5 kHz at 6dB below full amplifier power.  Listen for buzzes, rattles, vibrations or resonance.  Locate and correct problems.
	3. If the cause is outside the system, promptly notify the Consultant, indicating the cause and recommended corrections.

	Q. Coverage:
	1. Using pink noise as an input, adjust loudspeakers and output levels to provide ±6 dB coverage in the octave band centered at 1 kHz throughout the areas served by the system.
	2. Measure and record results.

	R. Equalization:
	1. Equalize the sound systems in order to provide uniform seat-to-seat response, raise the threshold of feedback, suppress ring modes, and insure natural, pleasing sound in equal and adequate amplitude with maximum degree of intelligibility, and provi...
	2. Turn off systems except the speaker system under test.
	3. Using pink noise as an input and with system equalizers set to bypass operation, determine the average frequency response of the loudspeaker system in the room using a 1/3 octave real time analyzer.
	4. Record the frequency response derived.
	5. Locate the analyzer microphone approximately 1 m above the floor at a point which approximates the average frequency response, within ±3 dB from 50 Hz to 16 kHz.
	6. Record the frequency response at this location.
	7. Using pink noise as an input and with system equalizers set to normal operation, set low and high pass filters at 63 Hz and 16 kHz respectively.
	8. Adjust the 1/3 octave filter settings to obtain the following response curves, minimizing the variation (±3 dB) between adjacent filter settings:
	a. Roll off -6 dB per octave below 125 Hz.
	b. Maintain ±3 dB, 125 Hz to 4 kHz.
	c. Roll off -3 dB per octave from 4 kHz to 12 kHz.
	d. Roll off sharply above 12 kHz.
	e. With any system microphone open, make minor adjustments to maximize gain before feedback.  No more than 3 filter settings shall be adjusted.
	f. Record the frequency response derived.


	S. System Input and Output Levels
	1. Using pink noise source material and a calibrated ANSI S1.4-1983 (1997) Type 1 or IEC 60651-01-1994, precision sound level meter, perform the following:
	a. For microphone level inputs:  locate a pink noise source at a distance of 300 mm from the corresponding system microphone.  Adjust the pink noise source to provide a level of 75 dBA at the microphone and set mixer levels to achieve a 0 dBu level at...
	b. For line level inputs:  use system program source equipment, with pink noise playback media, as a direct input to the mixer or mixing console and set mixer levels to achieve a 0 dBu level at the mixer output.  Repeat for each system input individua...
	c. With any input set as specified above, adjust audio distribution amplifiers to provide levels of -10 dBu at each output.

	2. Measure and record results.

	T. Feedback Stability:
	1. With required output levels set, measure and record the available gain before feedback.  Feedback stability margin shall be 6 dB, minimum.

	U. Intelligibility:
	1. Using a TEF analyzer or similar, measure the percent articulation loss of consonants (% ALcons) for at least 4 various locations in the room in the 2000 Hz octave band.
	2. % ALcons shall be less than 10 for each location.
	3. Record results.

	V. Assistive Listening Systems:
	1. Set gain / limiter so that normal speech or music does not over modulate the transmitter.
	2. Adjust emitter panels to provide even coverage throughout the courtroom.

	W. Notification:
	1. Once all of the above is complete, the system(s) is (are) ready for inspection. Formally notify the Owner/Consultant at least seven (7) days prior to desired inspection date.
	2. Final adjustments and equalization will be conducted at the time of inspection.


	3.10 CONFERENCE AUDIO TESTS
	A. Constant Voltage Speaker test:
	1. Provide a low level distinctive tone to each amplifier input.
	2. Systematically turn on each amplifier, one by one, and verify that the correct speaker is being driven. Correct wiring as required for proper operation.
	3. Walk the areas covered by the speakers and check for even level volume coverage. Adjust any speakers that are not correct by changing tap values as required for even volume level.

	B. Speaker Polarity:
	1. Use an electronic polarity checker to test each reinforcement speaker. All speakers should have the same relative polarity.

	C. System(s) Gain Adjustment:
	1. Adjust each active device to have unity gain from the console output to the input of the amplifiers.
	2. With all amplifiers turned off, connect a sine wave and pink noise to an input of the console. Using a RMS voltmeter, adjust the scale to an output between -10 and 0dBu. Once level has been established, it should remain unchanged throughout the tes...

	D. Amplifier Level Adjustment 70 volt System:
	1. Adjust the level of the 70 volt systems to achieve a volume level appropriate for their location and intended use.
	2. After initial amplifier adjustment, walk all areas utilizing the 70 volt systems and check for volume uniformity. If any changes of 3dB or more occur, adjust that specific area or speaker as required for even coverage.

	E. Input Verification Test:
	1. Using a microphone, portable signal generator, or CD player, send signal from every microphone input to the console. Check every connection location in the facility.
	2. Verify video signal presence at each component input with test equipment and verify the proper signal and uniform strength.
	3. Verify that the receptacle under test appears at the correct position on the patch bay and is operating properly.
	4. In a similar manner, check any other inputs or tie lines, as appropriate.

	F. Impedance:
	1. Measure absolute impedance value of each loudspeaker line at 1000 Hz without the amplifier connected but with all speakers connected.  Record the impedance levels versus frequency for each loudspeaker line.
	2. Impedance must not be below the rated load impedance of respective amplifier and may be any value equal to or above that.
	3. Check the resistance of the lines for loudspeaker, line level, and microphone receptacles with the receptacles opened and shorted.  Document and repair any shorts or discontinuities found.

	G. Polarity:
	1. Verify the polarity of each device in the shop to obtain true polarity throughout the system.
	2. Verify and document that polarity is kept throughout the system after wiring from inputs through output devices or receptacles.

	H. Gain Structure:
	1. Turn off amplifiers and set equalizers and filter controls to flat response.  Do not bypass any equalizers or filters.
	2. Adjust compressors and limiters to a 1:1 compression ratio and a +10 dBu limiting threshold.  Do not bypass these processors.
	3. Insert pink noise into the mixer or mixing console and adjust levels to obtain a 0 dBu reading for the mixer or mixing console output.  Distribute this output to all systems and subsystems.
	4. Adjust the output of line level electronics and signal processors to obtain a 0 dBu output at the output terminals.  For equipment with input level controls, adjust the input controls so that input levels peak at -10 dB.  For equipment not capable ...
	5. Turn amplifier gain controls to minimum and turn on the power amplifiers.   Adjust the gain controls to achieve a +4 dBu output level for low impedance amplifiers and a +18 dBu output level for high impedance or constant voltage amplifiers.

	I. Hum and Noise Level:
	1. Without changing the gain, terminate microphone and line level inputs with proper shielded resistors of 150 and 600 ohms respectively.
	2. Measure and record overall hum and noise levels for each power amplifier output from each input and with all inputs simultaneously.  Hum and noise shall be at least 50 dBA below rated power output levels with amplifier controls set for optimum sign...

	J. Buzzes and Rattles:
	1. Apply a 1 kHz sine wave signal such that a 0 dBu level is obtained on the mixer or mixing console.
	2. Sweep loudspeaker systems from 50 Hz to 5 kHz at 6dB below full amplifier power.  Listen for buzzes, rattles, vibrations or resonance.  Locate and correct problems.
	3. If the cause is outside the system, promptly notify the Consultant, indicating the cause and recommended corrections.

	K. Coverage:
	1. Using pink noise as an input, adjust loudspeakers and output levels to provide ±6 dB coverage in the octave band centered at 1 kHz throughout the areas served by the system.
	2. Measure and record results.

	L. Equalization:
	1. Equalize the sound systems in order to provide uniform response, raise the threshold of feedback, suppress ring modes, and insure natural, pleasing sound in equal and adequate amplitude with maximum degree of intelligibility, and provide performanc...
	2. Using pink noise as an input and with system equalizers set to bypass operation, determine the average frequency response of the loudspeaker system in the room using a 1/3 octave real time analyzer.
	3. Record the frequency response derived.
	4. Locate the analyzer microphone approximately 1 m above the floor at a point which approximates the average frequency response, within ±3 dB from 50 Hz to 16 kHz.
	5. Record the frequency response at this location.
	6. Using pink noise as an input and with system equalizers set to normal operation, set low and high pass filters at 63 Hz and 16 kHz respectively.
	7. Adjust the 1/3 octave filter settings to obtain the following response curves, minimizing the variation (±3 dB) between adjacent filter settings:
	a. Roll off -6 dB per octave below 125 Hz.
	b. Maintain ±3 dB, 125 Hz to 4 kHz.
	c. Roll off -3 dB per octave from 4 kHz to 12 kHz.
	d. Roll off sharply above 12 kHz.
	e. With any system microphone open, make minor adjustments to maximize gain before feedback.  No more than 3 filter settings shall be adjusted.
	f. Record the frequency response derived.


	M. System Input and Output Levels
	1. Using pink noise source material and a calibrated ANSI S1.4-1983 (1997) Type 1 or IEC 60651-01-1994, precision sound level meter, perform the following:
	a. For microphone level inputs:  locate a pink noise source at a distance of 300 mm from the corresponding system microphone.  Adjust the pink noise source to provide a level of 75 dBA at the microphone and set mixer levels to achieve a 0 dBu level at...
	b. For line level inputs:  use system program source equipment, with pink noise playback media, as a direct input to the mixer or mixing console and set mixer levels to achieve a 0 dBu level at the mixer output.  Repeat for each system input individua...
	c. With any input set as specified above, adjust audio distribution amplifiers to provide levels of -10 dBu at each output.

	2. Measure and record results.

	N. Feedback Stability:
	1. With required output levels set, measure and record the available gain before feedback.  Feedback stability margin shall be 6 dB, minimum.

	O. Assistive Listening Systems:
	1. Set gain / limiter so that normal speech or music does not over modulate the transmitter.
	2. Adjust emitter panels to provide even coverage throughout the courtroom.

	P. Notification:
	1. Once all of the above is complete, the system(s) is (are) ready for inspection. Formally notify the Owner/Consultant at least seven (7) days prior to desired inspection date.
	2. Final adjustments and equalization will be conducted at the time of inspection.


	3.11 WEB CONFERENCE AUDIO TESTS
	A. Constant Voltage Speaker test:
	1. Walk the areas covered by the speakers and check for even level volume coverage. Adjust any speakers that are not correct by changing tap values as required for even volume level.

	B. Speaker Polarity:
	1. Use an electronic polarity checker to test each reinforcement speaker. All speakers should have the same relative polarity.

	C. System(s) Gain Adjustment:
	1. Adjust each active device to have unity gain from the computer output to the input of the amplifiers.
	2. Adjust each active device to have unity gain from the USB microphone and or interface to the input of the computer.

	D. Amplifier Level Adjustment 70 volt System:
	1. Adjust the level of the 70 volt systems to achieve a volume level appropriate for their location and intended use.
	2. After initial amplifier adjustment, walk all areas utilizing the 70 volt systems and check for volume uniformity. If any changes of 3dB or more occur, adjust that specific area or speaker as required for even coverage.

	E. Impedance:
	1. Measure absolute impedance value of each loudspeaker line at 1000 Hz without the amplifier connected but with all speakers connected.  Record the impedance levels versus frequency for each loudspeaker line.

	F. Polarity:
	1. Verify the polarity of each device in the shop to obtain true polarity throughout the system.
	2. Verify and document that polarity is kept throughout the system after wiring from inputs through output devices or receptacles.

	G. Gain Structure:
	1. Turn off amplifiers and set equalizers and filter controls to flat response.  Do not bypass any equalizers or filters.
	2. Adjust compressors and limiters to a 1:1 compression ratio and a +10 dBu limiting threshold.  Do not bypass these processors.
	3. Insert pink noise into the mixer or mixing console and adjust levels to obtain a 0 dBu reading for the mixer or mixing console output.  Distribute this output to all systems and subsystems.
	4. Adjust the output of line level electronics and signal processors to obtain a 0 dBu output at the output terminals.  For equipment with input level controls, adjust the input controls so that input levels peak at -10 dB.  For equipment not capable ...
	5. Turn amplifier gain controls to minimum and turn on the power amplifiers.   Adjust the gain controls to achieve a +4 dBu output level for low impedance amplifiers and a +18 dBu output level for high impedance or constant voltage amplifiers.

	H. Hum and Noise Level:
	1. Verify that the noise floor is sufficiently low and that there is no audible hum in the system.

	I. Buzzes and Rattles:
	1. Apply a 1 kHz sine wave signal such that a 0 dBu level is obtained on the mixer or mixing console.
	2. Sweep loudspeaker systems from 50 Hz to 5 kHz at 6dB below full amplifier power.  Listen for buzzes, rattles, vibrations or resonance.  Locate and correct problems.
	3. If the cause is outside the system, promptly notify the Consultant, indicating the cause and recommended corrections.

	J. Coverage:
	1. Using pink noise as an input, adjust loudspeakers and output levels to provide ±6 dB coverage in the octave band centered at 1 kHz throughout the areas served by the system.
	2. Measure and record results.

	K. Equalization:
	1. Equalize the sound systems

	L. Feedback Stability:
	1. With required output levels set, measure and record the available gain before feedback.  Feedback stability margin shall be 6 dB, minimum.

	M. Assistive Listening Systems:
	1. Set gain / limiter so that normal speech or music does not over modulate the transmitter.
	2. Adjust emitter panels to provide even coverage throughout the courtroom.

	N. Notification:
	1. Once all of the above is complete, the system(s) is (are) ready for inspection. Formally notify the Owner/Consultant at least seven (7) days prior to desired inspection date.
	2. Final adjustments and equalization will be conducted at the time of inspection.


	3.12 GENERAL VIDEO PRESENTATION SYSTEMS
	A. Video signals shall be scaled if necessary to provide the native resolution signal to display and or video capture devices.
	B. Whenever possible a common native resolution shall be determined for each space and shall be provided to every display in the system.
	C. Digital video signals shall be set at a minimum 1920 x 1080 resolution unless otherwise noted.
	D. Contractor shall provide an EDID plan indicating native resolutions and any special display and or source type that requires scaling or conversion.

	3.13 CAMERA EQUIPMENT:
	A. Camera images shall be free of visible vibration and dead pixels.
	B. Adjust and set white balance, and color timing, and genlock / sync as required.
	C. Adjust pan-tilt limit switches.
	D. Provide low voltage power from equipment racks.
	E. Provide wall/ceiling mounts.

	3.14 COMPUTER / VIDEO INTERFACES
	A. Review all locations with the Owner prior to installation and provide according to Approval of the Owner. Low voltage power shall be provided at the interface as required by the manufacturer.
	B. Provide HDMI, Display Port, VGA with audio breakout cables for each input interface provided as specified herein unless noted otherwise.
	C. Provide manufacturer's adapter plates for pass-through connections as specified herein unless noted otherwise.
	D. Adjust interface as required by manufacturer for EDID and HDCP system compliance.

	3.15 SIGNAL PROCESSING EQUIPMENT
	A. Signal processing equipment shall be mounted in the equipment racks and/or control consoles, as specified herein unless noted otherwise.
	B. Configure and adjust signal processing equipment to produce the native resolution of the primary display devices within each separate system for each potential source resolution, unless specified otherwise herein. RGBHV sources shall be tested from...

	3.16 VIDEO AND DATA PROJECTORS AND ASSOCIATED EQUIPMENT
	A. The native resolution of the video switching and or processing system shall be set to match the resolution of the Video and data projector(s).
	B. EDID management and scaling shall be used to manage outputs that have a lower resolution equipment than that of the highest resolution display device.
	C. Fixed video and data projectors shall be made level and secured to the structure in accordance with seismic requirements of the International Building Code-2000 if applicable.
	D. Projector(s) and mounts shall be installed per the manufacturer's written instructions and shop drawings. Review all locations with the Owner’s Representative and or Consultant prior to installation.
	E. Configure projectors and lens selection(s) to provide full-screen images at the projector’s native resolution, unless otherwise specified.
	F. If an internal HDBaseT input module is utilized ensure that all required functions and capabilities are provided or if and external HDBaseT receiver will be required to support device connections.
	G. Review all locations with the Owner’s Representative and or Consultant prior to installation.
	3.17 FLAT PANEL MONITORS AND ASSOCIATED EQUIPMENT:
	A. The native resolution of the video switching and or processing system shall be set to match the resolution of the monitor. Configure monitors to provide full images at the monitor’s native resolution.
	B. EDID management and scaling shall be used to manage outputs that have a lower resolution equipment than that of the highest resolution display device.
	C. Flat panel monitor(s) shall be made level and secured to the structure in accordance with seismic requirements of the International Building Code-2000 if applicable.
	D. Flat panel(s) and mounts shall be installed per the manufacturer's written instructions and shop drawings. Review all locations with the Owner’s Representative and or Consultant prior to installation.
	E. If an internal HDBaseT input module is utilized ensure that all required functions and capabilities are provided or if and external HDBaseT receiver will be required to support device connections.
	F. Review all locations with the Owner’s Representative and or Consultant prior to installation.

	3.18 VIDEO SYSTEMS
	A. General
	1. Adjust, balance, and align equipment for optimum quality and to meet the manufacturer's published specifications.

	B. Performance Standards
	1. Unless restricted by the published specifications of a particular piece of equipment, or unless specified otherwise herein, the following performance standards shall be met by each system.

	C. Cabling
	1. Upon completion of the installation of each area, the Contractor shall test all elements of the system.  This testing shall include as a minimum:
	a. Continuity of all circuits.
	b. Operation of all circuits.
	c. Phase checking of all circuits.
	d. Operation of all equipment in all modes

	2. During and/or after installation, as appropriate, the Contractor shall test all cabling for continuity, phase, shielding, and unreasonable signal loss.  The testing shall be conducted according to the submitted and approved test plan.


	3.19 SPARE PARTS
	A. Provide replacement fuses, lamps, batteries and connectors in sufficient quantities to last one (1) year.

	3.20 contractor testing and or commissioning
	A. Before Acceptance Tests are scheduled, the Contractor shall perform their own system check-out.  He shall furnish all required test equipment and shall perform all work necessary to determine and / or modify performance of the system to meet the re...
	B. The contractor’s testing and documentation activities shall conform to ANSI/INFOCOM 10:2013 Audiovisual Systems Performance Verification Standard or preapproved equal to insure that the audiovisual systems are complete, tested, and free of operatio...
	C. Supplementary Checklist: http://www.infocomm.org/cps/rde/xbcr/infocomm/CAVSP_Checklist.pdf
	D. As a means to facilitate the use of the ANSI/INFOCOM 10:2013 standard we would recommend the use of the software application I-auditor or similar that allows for efficient documentation of checklist items and completion status. http://www.safetycul...
	E. Testing items:
	1. Testing of audiovisual systems shall include the following items as applicable to the systems installed:
	a. Provide documentation that all audio signal connections have been tested and verified.
	b. Provide documentation that all video signal connections have been tested and verified.
	c. Provide documentation that all control signal connections have been tested and verified.
	d. Provide documentation that all mounting and rigging elements have been verified for structural integrity and safety.
	e. Test all audio systems for compliance with the Performance Standards, using the following minimum equipment:
	1) Test Equipment: Assemble the following test equipment (or equivalent) on site.
	2) Audio Test Equipment:
	a) JBL / Harmon SIA-Smaart Pro or approved equal.
	b) Signal generator,
	c) Audio test set,
	d) Audio Phase Checker

	3) Compact Disc
	4) Audio cable(s)
	5) Set of terminations, adapters etc.
	6) Adjustments verification and gain settings:
	a) Test and adjust all systems (starting at source equipment and terminating at the power amplifiers and speakers as appropriate) for correct gain structure providing low noise and distortion per manufacturers’ published specifications.


	f. Test all video systems for compliance with the Performance Standards, using the following minimum equipment:
	1) Video Test Equipment:
	a) SDI, HD-SDI video signal generator.
	b) DVI, HDMI video signal generator.
	c) RGB / VGA video signal generator.

	2) RGB cable, (if RGB / VGA is included in design)
	3) HDM, DVI, Display Port, Video cables
	4) Set of terminations, ‘T’ pieces etc.
	5) Adjustments, configuration, and verification:
	a) Test and adjust all systems (starting at source equipment input(s) and terminating at the display(s) checking for compatible display resolutions, EDID and HDCP compliance.





	3.21 CONSULTANT ACCEPTANCE TESTS
	A. Consultant acceptance tests will not be performed until after the contractor’s system checkout as outlined within section 3.20 has been completed and the test results have been received and reviewed by the consultant and or owner.
	B. Consultant acceptance testing will be conducted based on applicable sections of the ANSI/INFOCOM 10:2013 Audiovisual Systems Performance Verification Standard.
	C. Checklist items within this list will be verified by visual and or audible methods as part of normal room use case operational scenarios, with the assumption that the AV contractor has fulfilled their obligation to test and ensure that the systems ...
	D. The system acceptance tests will be supervised by the consultant and will consist of the verification checklist as well as any additional tests as required:
	1. A physical inventory will be taken of all equipment on site and will be compared to equipment lists in the contract documents.
	2. The operation of all system equipment shall be demonstrated by the contractor.
	3. Contractor shall provide a laptop to support testing activities that is configured and connected to any and all DSP processors for any evaluation and adjustments (tuning) activities by the consultant.
	4. Both subjective and objective operational tests will be required by the Consultant to determine compliance with the specifications and industry standards.  The Contractor shall be responsible for providing all required test equipment based on syste...
	5. Operational use case test scenarios may be conducted based on programmed room uses and functionality.
	6. All final, “as-built” drawings, run sheets, manuals, and other required documents, as detailed in Part I, shall be on hand.  Two complete sets of these documents shall be delivered to the Owner at this time.  (One complete set shall have been deliv...
	7. In the event further adjustment is required, or defective equipment must be repaired or re-placed, tests may be suspended or continued at the option of the consultant.

	E. Any charge for additional time incurred by the consultant required for overseeing the system tests, due to improper system installation or previous failed systems, shall be the responsibility of, and charged directly to the contractor and or subcon...




