6062

Special Specification 6062
Intelligent Transportation System (ITS) Radio
1.

DESCRIPTION
Furnish, install, remove, or relocate an Intelligent Transportation System (ITS) radio at locations shown on
the plans, or as directed.

2.

MATERIALS
Provide new materials that comply with the details shown on the plans and the requirements of this Item.
Supply all equipment and hardware needed for a complete functioning system. Materials for equipment to be
relocated will be “as-is”. The Contractor will protect the existing equipment from further wear or damage.

3.

EQUIPMENT

3.1.

General. The ITS radio consists of a radio, power supply, antenna, antenna cables, lightning protection,
grounding, all necessary mounting hardware, and radio configuration software.
Utilize the latest industry practiced techniques in equipment design and construction of parts,
subassemblies, circuits, cards, and modules. Design equipment for ease of maintenance. Ensure that all
component parts are readily accessible for inspection and maintenance, using hand tools. Provide test points
for checking essential voltages, waveforms, signals, and similar data.
Ensure that all external screws, nuts, and locking washers are made of corrosion resistant material. Do not
use self-tapping screws unless specifically approved by the Engineer.
Provide parts made of corrosion resistant material such as plastic, stainless steel, anodized aluminum, or
brass.
Protect all materials used in construction from fungus growth and moisture deterioration.
Separate dissimilar metals by an inert dielectric material.

3.2.

Radio. Each radio will be a point-to-point or point-to-multi-point single-band or dual-band radio operating in
the license-free frequency as shown on the plans or as directed by the Engineer. Provide a radio that meets
all of the following minimums:

3.2.1.

Frequency. FCC unlicensed, 900 MHz, 2.4 GHz, or 5 GHz, as specified on the plans, or as directed;

3.2.2.

Channel Selection. Dynamic Frequency Selection, with a manual override option;

3.2.3.

Minimum Range. 15 mi., line of sight;

3.2.4.

Transmit Power. User selectable, up to the maximum allowed by FCC rules, to at least 21 dBm, in 1 dBm
steps (maximum step size). Maximum output power limited by FCC Part 15 rules for unlicensed frequencies;

3.2.5.

Receive Sensitivity. Adaptive;

3.2.6.

Modulation. Adaptive modulation and space diversity to provide maximum throughput;
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3.2.7.

Forward Error Correction. Provide forward error correction.

3.2.8.

Security. Minimum security for the point-to-point backhaul network is the Advanced Encryption Standard,
128 bit block size (AES-128). Meet ISO/IEC 18033-3 standards. Minimum security for communications with
Wi-Fi units is WPA2;

3.2.9.

Throughput. Minimum out-of-the-box throughput of 100 Mbps for frequencies between 2.4 and 5 GHz.
Minimum out-of-the-box throughput of 1 Mbps for the 900 Mhz frequency. Minimum measured throughput in
the field of 50 Mbps for frequencies between 2.4 and 5 GHz;

3.2.10.

Networking Standards. Provide at least the following:
 IEEE 802.1d – Ethernet Bridging,
 IEEE 802.1p – Traffic Prioritization,
 IEEE 802.1q – Virtual Local Area Network (VLAN),
 IEEE 802.3 – 2012 Ethernet, and
 IEEE 802.11-2009 – Wi-Fi (a/b/g/n) or most current version.

3.2.11.

Network Interface. Minimum of one functional 10/100 Base-T RJ-45 port;

3.2.12.

On-Board Alignment Tools. Provide a radio with on-board alignment tools for use aligning the antenna.
These could be external LED indicators, audible indicators, or other approved mechanism; and

3.2.13.

FCC Certification. Provide at least the following:
 FCC Part 15.400 (U-NII),
 FCC Part 15.247 (ISM) 20 Mbps, and
 FCC Part 15, Class B.

3.3.

Power. Provide ITS radios meeting all specified requirements when the input power is 115 VAC ± 20%, 60
Hz ± 3 Hz, and that maximum power required does not exceed 35 W, including optional equipment.
Provide appropriate voltage conversion, power injectors, or other power supply hardware if the radio
equipment or any radio-related ancillary devices require operating voltages other than 115 VAC or rely on
Power over Ethernet (PoE or PoE+). Appropriate voltage converters or injectors must accept an input voltage
of 115 VAC as noted above. Provide any required Power over Ethernet (PoE or PoE+) devices that are
802.3af-2003 or 802.3at-2009 compliant, meeting the power requirements of the radio equipment.
The Contractor will verify with the local power service provider to ensure that the provided equipment is
compatible with the installed equipment. The Contractor will supply and install any additional equipment
required for proper operation of the Radio System per the design.
Every numbered table and figure must be referenced in the accompanying text. Tables and figures should
appear in the order they are referred to, no matter how fleeting the reference.

3.4.

Antennas. Furnish and install radio antennas of the number and type specified on the plans, or as directed.
These may include, but are not limited to:
 connectorized omni;
 yagi;
 sectorized (i.e. 45, 60, 90, 120 etc. degree increments);
 parabolic antennas; and
 integrated flat panel antennas.
Meet the following specifications:
 antenna gain as specified in the plans;
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 minimum wind rating of 110 mph;
 Voltage Standing Wave Ratio (VSWR) value not exceeding 1.5 for the radio frequency specified on the
plans;
 reflection coefficient value not exceeding 0.20;
 reflected power value not exceeding 4 %; and
 impedance matched to the impedance of the system so that voltage is in phase with the current.
(Typically 50 ohms.)
3.5.

Antenna Coaxial Cables.

3.5.1.

Nominal impedance. Matched to the antenna’s impedance to minimize the Voltage Standing Wave Ratio
(VSWR). Typically 50 ohms.

3.5.2.

Maximum Attenuation. 5 dB/100 ft. at the frequency specified on the plans.

3.5.3.

Maximum Cable Length. 10 feet maximum length from radio to antenna when radio is mounted on an
external structure. 100 feet maximum length from radio to antenna when radio is mounted in the cabinet and
the antenna is mounted on the structure. Select external cable so that maximum cable attenuation is less
than 5 dB total.

3.6.

Network Cable. Provide Cat 5e shielded wire that meets the following minimum requirements:
 shielded twisted pair with drain wire;
 AWG24 solid bare copper;
 CMX outdoor rated for direct bury;
 outdoor UV rated jacket; and
 TIA/EIA-568B.2 and ISO/IEC 11801 standards.
Maximum run length for Cat 5e cable is 250 feet, or per the manufacturer’s specifications.

3.7.

Lightning Protection. Furnish and install surge protection on all coaxial cables mounted adjacent to and
bonded to the cabinet ground bus. Include all mounting hardware necessary.

3.8.

Power Service Protection. Provide equipment with readily accessible circuit protection devices (i.e. circuit
breakers or fuses) for equipment and power source protection. Circuit protection devices may be resettable
or replaceable.
Provide circuit breakers or fuses sized such that no wire, component, connector, PC board, or assembly will
be subjected to sustained current in excess of their respective design limits upon the failure of any single
circuit element of wiring.
Provide UL Listed Type 1 or Type 2 Surge Protection Device (SPD) and labeled to UL1449 Third Edition,
posted at UL.com, under Certifications UL Category Code VZCA, and have a 20kA I-nominal rating. Provide
SPD rated as NEMA 4. Provide a SPD with integral EMI/RFI line filtering if shown on the plans.
Provide automatic recovery from power failure within 30 sec. after resumption of power.
Provide a GFCI duplex outlet for ITS radio equipment at existing locations as shown on the plans. Provide
this outlet in addition to the existing outlets within the cabinet.

3.9.

Maximum Weight. Provide equipment with a weight not exceeding 25 lbs.

3.10.

Maximum Dimensions.

3.10.1.

Outdoor Units. 16 in. x 16 in. x 9 in. for integrated units, not including antenna.
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3.10.2.

Used in Cabinets. Provide equipment that easily fits on a single shelf without cabinet modifications.

3.11.

Modular Design. Provide a modular ITS radio System design to allow components to be readily replaced in
the field.
Label with UV resistant methods to identify all modules and assemblies with name, model number, serial
number and any other pertinent information required to facilitate equipment maintenance.

3.12.

Network Topologies. Point-to-Point or Point-to-Multi-Point, as shown on the plans, or as directed.

3.13.

Connectors and Harnesses. All external connections will be made of connectors that are keyed uniquely to
preclude improper hookups. Color code and label all cables to and from the connectors on both ends.
Provide connecting harnesses of appropriate length and terminated with matching connectors for
interconnection with the communications system equipment.
Plate all pins and mating connectors with a minimum of 20 microns of metallic native element gold (Au). Use
heat shrink tubing for all solder type connections to insure that it protects the connection from short circuiting.
Label with UV resistant methods to identify all assemblies with name, model number, serial number and any
other pertinent information required to facilitate equipment maintenance.
Provide external waterproof connections that conform to IEC 60529 Section 14.2.7, or latest revision, for IP
66 or greater rating.

3.14.

Mechanical Requirements. Provide equipment that is modular in design such that it can be easily replaced
in the field.
Label with UV resistant methods to identify each unit with name, model number, serial number and any other
pertinent information required to facilitate equipment maintenance.
Coat all printed circuit boards with a clear-coat moisture and fungus resistant material (conformal coating).

3.15.

Environmental Requirements. Ensure that equipment conforms to NEMA TS2-2003 (R2008), International
Electrotechnical Commission (IEC) 60529, and NEMA 250-2008, or most current version, for the following
categories:

3.15.1.

Temperature and Humidity. Provide equipment that conforms to NEMA TS2 Section 2.1.5.1, or latest
revision, and meets all the specified requirements during and after being subjected to any combination of the
following conditions:
 ambient temperature range of -30 to 165°F;
 temperature shock not exceeding 30°F per hour;
 relative humidity of 0% to 100%; and
 moisture condensation on all exterior surfaces caused by temperature changes.

3.15.2.

Vibration. Provide equipment that conforms to NEMA TS2 Section 2.1.9 and Section 2.2.3, or most current
version, and meets all the specified requirements during and after being subjected to a vibration of 5 Hz to 30
Hz up to 0.5 g applied in each of 3 mutually perpendicular planes for 30 min.

3.15.3.

Shock. Provide equipment that conforms to NEMA TS2 Section 2.1.10 and Section 2.2.4, or latest revision,
and does not yield permanent mechanical deformation or any damage that renders the unit inoperable when
subjected to a shock of 10 g applied in each of 3 mutually perpendicular planes for 30 min.

3.15.4.

Environmental Contaminants. Provide equipment that conforms to IEC 60529 Section 14.2.6, or latest
revision, for IP 66 or greater rating when providing a pressurized unit.
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Provide equipment that conforms to IEC 60529 Section 14.2.7, or latest revision, for IP 66 or greater rating
when providing a non-pressurized unit.
3.15.5.

External Icing. Provide equipment that is tested to conform to NEMA 250-2003 Section 5.6, or latest
revision.

3.15.6.

Corrosion. Provide equipment that is tested to conform to NEMA 250-2003 Section 5.10, or latest revision,
when located in coastal Districts. Coastal Districts are Beaumont (BMT), Corpus Christi (CRP), Houston
(HOU), Pharr (PHR), and Yoakum (YKM).

3.16.

Radio Configuration and Management Software. Provide any and all programming and software required
to make operational and support the radio system. The programming and software will be installed in the
appropriate equipment at the time of acceptance testing, and will be used in the acceptance testing. Provide
operations manuals, installation requirements, and licenses. Provide software with at least the following
features:

3.16.1.

Radio Configuration. Configuration is achieved through the following:
 a comprehensive configuration menu allowing the user to control all programmable radio settings;
 a network tree which automatically discovers, organizes, displays, and searches for a radio; and
 the ability to save individual radio configurations in a file that can be used to program replacement
radios.

3.16.2.

Diagnostic Routines. Provide the following diagnostic routines:

3.16.2.1.

Bandwidth Test. For all communication links to a specific radio, including transmit and receive
characteristics at the remote radios. Display signal strengths for transmit and receive. Provide client
connection quality (CCQ);

3.16.2.2.

Spectrum Scan. Determine the amount of background signal noise present for the specified frequency.
Detect specific channels which experience interference to the extent that they are not adequate for the
transmission or receipt of data. Include an option to exclude these frequencies from use; and

3.16.2.3.

Ping Test. Measure and display the time it takes a packet of data to travel to and from another device in
milliseconds and percent packet loss. Measure and display the variance in a minimum of seven successive
ping tests (jitter).

3.16.3.

Networking Tools. Provide the following network tools:
 provide a firewall configuration tool to manage multicast and broadcast traffic,
 provide user selection of Spanning Tree Protocol (STP) and Rapid Spanning Tree Protocol (RSTP)
options,
 provide Virtual Local Area Network (VLAN) configuration tools;, and
 provide Quality of Service (QoS) selection and configuration tools.

3.16.4.

Alarms. Provide the following alarm features:
 provide 24 hr. monitoring of user selected alarms; and
 provide option of sending email and text messages of triggered alarms.

4.

CONSTRUCTION AND WORK METHODS

4.1.

General. Provide and install all materials, including support, calibration and test equipment, to ensure an
operating and functional wireless radio system. This includes installation of power and data cables, and the
power grounding and lightning suppression systems. Prior to beginning installation, inspect each site to verify
suitability of the design for installation, grounding and lightning protection. Provide written documentation to
the Engineer for approval prior to installation. Utilize the latest available industry standard construction
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techniques with a minimum number of parts, subassemblies, circuits, cards, and modules to maximize
standardization and commonality. Design equipment for ease of maintenance and orient component parts to
be readily accessible for inspection and maintenance.
4.2.

Radio Mounting. Provide and install all necessary radio mounts, standoffs, brackets, hardware, and
grounding assemblies for the mounting surface shown in the plans. Install all radios at specified locations as
shown on the plans. Any deviation between actual mounting location and those specified must be preapproved by the Engineer.

4.3.

Antenna Mounts. Provide and install all antenna mounts, standoffs, brackets, hardware, transmission line,
hanger kits, grounding kits, and lightning suppressors for the mounting surface shown in the plans. Install all
antennas at specified center lines. Perform antenna alignment for each path and compare with path
calculations. Any variation between calculated and actual values must be brought to the attention of the
Engineer.

4.4.

System Power and Grounding. Prior to installation, provide a written description of the proposed
grounding and lightning protection design. Connect the equipment to the 115 V circuits provided in the
equipment cabinets at the sites. Bond all equipment racks in accordance with the approved manufacturer’s
installation specification. Ground all equipment racks to the single-point ground for the site. Provide
grounding and lightning protection for all cable runs at the top of the support structure and at the equipment
cabinet entry port. If the equipment cabinet and associated entry port is not collocated on the support
structure, the grounding and lightning protection will also be provided at the bottom of the support structure.

4.5.

System Optimization. Optimize equipment alignment and settings at each site to provide a complete,
operational system.

4.6.

Conductors. Provide conductors that meet the requirements of the most current version of the National
Electrical Code (NEC) Provide conductors that are cut to proper length before assembly. It is not permissible
to “double-back” conductors to take up slack inside the cabinet. Lace conductors neatly with nylon lacing or
plastic straps. Organize conductors neatly inside the cabinet and secure cables with clamps. When
connecting to hardware inside the cabinet, provide service loops at connection points. No splicing of cables
or exposed conductors are allowed. Label with UV resistant methods to identify all conductors.

4.7.

Relocation. Perform the relocation in strict conformance with the requirements herein and as shown on the
plans. Completion of the work will present a neat, workmanlike, and finished appearance. Maintain safe
construction practices during relocation.
Inspect the existing radio equipment, with a representative from the Department, and document any
evidence of damage prior to removal. Conduct a pre-removal test in accordance with the testing
requirements contained in this Item to document operational functionality. Remove and deliver to the
Department existing radio equipment that fail inspection.
Prior to removal of existing radio equipment, disconnect and isolate the power cables from the electric power
supply and disconnect all communication cabling from the equipment located inside the cabinet. Coil and
store power and communication cabling inside the cabinet until such time that it can be relocated. Remove
existing radio equipment as shown on the plans only at such time as authorized by the Engineer.
Use care to prevent damage to any support structures. Any components of the radio equipment or support
structure damaged or lost will be replaced by the Contractor at no cost to the Department. Contractor to
document and report to the Engineer any existing damage to equipment prior to removal.
Make all arrangements for connection to the power supply and communication source including any permits
required for the work to be done under the Contract. Provide wire for the power connection at least the
minimum size indicated on the plans and insulated for 600 volts. The power connection will meet the
requirements of the most current version of the NEC.

6 - 14

03-15
Statewide

6062
4.8.

Removal. Disconnect and isolate any existing electrical power supply prior to removal of existing radio
equipment.
Perform removal in strict conformance with the requirements herein stated and the lines, grades, details and
dimensions shown on the plans. Completion of the work will present a neat, workmanlike, and finished
appearance.
Any components of the radio equipment damaged or lost will be replaced by the Contractor (with items
requiring the approval of the Engineer) at no cost to the Department.
All materials not designated for reuse or retention by the Department will become the property of the
Contractor and be removed from the project site at the Contractor's expense. Deliver items to be retained by
the Department to a location designated on the plan sheets or general notes. The Contractor is fully
responsible for any removed equipment until released by the Engineer.

4.9.

Contractor Experience Requirements. Utilize installers, testers, and integrators with at least the following
requirements:

4.9.1.

Minimum Experience. Three years continuous existence offering services in the installation of wireless
communications. Experience must include the following:

4.9.1.1.

Conducting radio installation studies consisting of:
 signal noise studies,
 spectrum analysis,
 antenna gain / radio power calculations,
 system attenuation, and
 measurement of standing wave ratios.

4.9.1.2.

Installation, troubleshooting and repair of broadband radio systems consisting of:
 equipment installation,
 configuration of radios,
 antenna calibration, and
 cabling.

4.9.1.3.

Installation, troubleshooting, and repair of interconnected Ethernet networks (LAN and WAN) consisting of:
 cabling,
 switch / router configuration, and
 network analysis.

4.9.2.

Completed Projects. Three projects consisting of wireless communications installation, troubleshooting and
repair. Each project must include transmitting signals over a minimum of 1 mile distance and installation of a
minimum of 3 devices.

4.9.3.

Equipment Experience. One project (may be one of the three in the preceding paragraph) in which the
personnel worked in cooperation with technical representatives of equipment suppliers to perform specific
stages of work. Contractor will not be required to furnish equipment on this project from the supplier who
furnished documentation demonstrating this experience.
Submit the names, addresses and telephone numbers of the references that can be contacted to verify the
experience requirements given above.

4.10.

Documentation.
Provide all licenses, where required, for any software or hardware in the system.
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Provide a medical statement as to the safety of the unit to the general public (example: Pacemakers, etc.).
Provide proof of installer qualifications.
Provide all documentation described in this specification, including written reports for:
 verification of the suitability of the design for installation, grounding and lightning protection,
 communication link throughput tests,
 equipment grounding tests,
 system level test results to include: performance charts, link summaries, climatic factors, losses and
standards, and
 wiring connection diagrams for the field installation and central installation.
4.11.

Testing.

4.11.1.

New Installations. Unless otherwise shown on the plans, perform the following tests on the applicable
equipment or systems.

4.11.1.1.

Test Procedures Documentation. Provide 5 copies of the test plan procedures and target values, as well
as blank data forms 60 days prior to testing for each test required in this specification. Include the sequence
of the tests in the procedures. The Engineer will approve test procedures prior to submission of equipment
for tests. Conduct all tests in accordance with the approved test procedures.
Record test data on the data forms, as well as quantitative results. No bid item measurement or payment will
be made until the Engineer has verified the test results meet the minimum requirements of the specification.
The data forms for all tests, except design approval tests, must be signed by an authorized representative of
the Contractor.
Provide written notice to the Engineer within 48 hr. of discovery of any testing discrepancy performed in
testing by the contractor. Furnish data forms containing the acceptable range of expected results as well as
the measured values.

4.11.1.2.

Design Approval Test. Conduct a design approval test on randomly selected units from the prototype
design manufacturing run. If only 1 design prototype is manufactured, perform this test on that unit. If
supplying multiple types of the equipment, provide and test a sample of each type.
Certification from an independent testing laboratory of a successfully completed design approval test is
acceptable. Ensure that the testing by this laboratory is performed in accordance with the requirements of
this specification. Failure of independent tests to comply with the requirements of this specification will be
grounds for rejection of any certification.
Provide a copy of the certification to the District in which this equipment is installed. The data forms for the
design approval tests must be signed by an authorized representative (company official) of the equipment
manufacturer or by an authorized representative of an independent testing facility.
Notify the Engineer 10 working days before conducting this testing. The Department may witness all the
tests. Perform the following tests:

4.11.1.2.1.

Power Service Transients. Provide UL Listed Type 1 or Type 2 SPD and labeled to UL1449 Third Edition,
posted at UL.com, under Certifications UL Category Code VZCA, and have a 20kA I-nominal rating. Provide
SPD rated as NEMA 4. SPD with integral EMI/RFI line filtering may be required if shown on the plans.

4.11.1.2.2.

Temperature and Condensation. Meet the performance requirements, specified in this Item, when
subjected to the following conditions in the order specified below:
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 stabilize the equipment at -30°F and test as specified in the NEMA TS2 standard, Sections 2.2.7.3,
"Low-Temperature Low-Voltage Tests" and 2.2.7.4, "Low-Temperature High-Voltage Tests", or most
current version,
 allow the equipment to warm up to room temperature in an atmosphere having relative humidity of at
least 40%. Operate the equipment for 2 hr., while wet, without degradation or failure, and
 stabilize the equipment at 165°F and test as specified in the NEMA TS2 standard, Sections 2.2.7.5,
"High-Temperature High Voltage Tests" and 2.2.7.6, "High-Temperature Low-Voltage Tests", or most
current version.
4.11.1.2.3.

Relative Humidity. Meet the performance requirements, specified in this Item, within 30 min. of being
subjected to a temperature of 165°F and a relative humidity of 18% for 48 hr.

4.11.1.2.4.

Vibration. Show no degradation of mechanical structure, soldered components, or plug-in components, and
operate in accordance with the manufacturer's equipment specifications after being subjected to the vibration
tests as described in the NEMA TS2 standard, Section 2.2.8, "Vibration Test", or most current version.

4.11.1.2.5.

Power Interruption. Provide automatic recovery from power failure within 305 sec. after resumption of
power.

4.11.1.3.

Demonstration Test. Conduct a demonstration test on applicable equipment at an approved Contractor
facility. The Contractor may submit procedures and results from previous projects in the same District as this
project, provided the materials and equipment are identical. Provide previous procedures and results not
more than 5 yr. old. Notify the Engineer 10 working days before conducting this testing. The Department may
witness all the tests. Perform the following tests:

4.11.1.3.1.

Examination of Product. Examine each unit carefully to verify that the materials, design, construction,
markings and workmanship comply with the requirements of this Item,

4.11.1.3.2.

Continuity Tests. Check the wiring to determine conformance with the requirements of the appropriate
paragraphs in this Item, and

4.11.1.3.3.

Operational Test. Operate each unit for at least 15 min. to permit equipment temperature stabilization and
an adequate number of performance characteristics to ensure compliance with the requirements of this Item.

4.11.1.4.

Field Acceptance Test. Following completion of equipment installation and operational optimization, submit
an acceptance test plan to the Engineer for review and approval. During the official acceptance testing,
provide the technical staff to conduct the measurements and adjustments called for in the testing. The
Engineer will participate in the testing as the official test witness. Each page of the acceptance test document
will provide for data recording of the test results, and the name of Contractor's representative conducting the
test as well as a suitable field for the test date and signature of the Department’s test witness. Upon the
Engineer’s approval of the test plan and the test schedule, the acceptance testing may begin.
Conduct a field acceptance test for each unit after installation as required by the Engineer in order to
demonstrate compliance with the functional requirements with this Item. Exercise all stand-alone (nonnetwork) functional operations. Provide a factory certified representative for installation and testing of the
equipment. Notify the Engineer 5 working days before conducting this test. The field acceptance test will
consist of at least the following:

4.11.1.4.1.

Physical Construction. Verify physical construction is completed in accordance with the plans and
specification.

4.11.1.4.2.

Electrical Connections. Verify that all connectors for grounding, surge suppression, and electrical
distribution are tightened correctly and are quality connectors. Verify all power supplies and circuits are
operating under the proper voltages. Verify all power and communications cables are terminated correctly,
secured inside the cabinet, and fitted with appropriate connectors.
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4.11.1.4.3.

Grounding. Field test equipment grounding for all ITS radio equipment installed in the field and provide
written documentation to the engineer. Where earth ground resistance values exceed 5 ohms, develop
mitigation measures for consideration. Once mitigation measures are installed, re-test that ground and
update the documentation.

4.11.1.4.4.

Interference. Conduct a test site survey and interference analysis prior to the installation of the equipment.
Measure the existing signal noise levels at each installation site for the proposed radio frequency, identify
potential sources of interference, and document the findings in a written report to the engineer. The purpose
of this survey is to verify that the parameters measured during the design process have not substantially
changed. If the new survey indicates that the proposed radio system will not function as designed, develop
proposed mitigation strategies. Adjust antenna polarities and channel plans on equipment to minimize
interference from other sources.

4.11.1.4.5.

Communication Link Quality. Conduct signal tests for each communication link, including data throughput,
transmit power and frequency, receiver performance and frequency, proper operation of switch over, proper
operation of alarm and switches, and bit error rate (BER). Document results in a written report to the
engineer. Where measured throughput drops below 50 Mbps on any link, develop mitigation measures for
consideration. Once mitigation measures, if any, are implemented on a communications link, re-test that link
and update the documentation.

4.11.1.4.6.

System Paths. Include the following in testing of the installed system paths:
 measure and record the transmitter/receiver channel frequency and polarity;,
 measure and record the transmitter power,
 measuring and recording the receiver fade margin, perform a one hour Bit Error Rate Test (BERT) on
the primary equipment and record results, and
 verify the operation of all local alarm and control points using the alarm and monitoring equipment
provided.

4.11.1.4.7.

Alarms. Test and verify the operation of the alarms and monitor equipment in accordance with the
acceptance test criteria.

4.11.1.5.

System Integration Test. Conduct a system integration test on the complete functional system.
Demonstrate all control and monitor functions for each system component for 72 hr. Notify the Engineer 10
working days before conducting this testing. The Department may witness all the tests.
Provide Systems Integration Test procedures for proper adjustment and calibration of subsystem
components. Proper adjustment and calibration involves documenting settings used to meet functional
requirements while providing a margin for adjustment when future conditions change. Utilize the
Department’s control software (when available) to perform subsystem testing. At a minimum, utilize this
software to verify communication to the Department’s equipment. The Contractor is responsible for being
familiar with any existing Department equipment and software.
The failure of any one component material or equipment item in a system integration test is justification for
rejecting the entire subsystem. Each subsystem component must function as a complete integrated
subsystem

4.11.1.6.

Final Acceptance Test. Following completion of the demonstration test, field acceptance test, and system
integration test for all subsystems, provide completed data forms containing all of the data taken, including
quantitative results for all tests, a set of “as built” working drawings, and a written request to begin a data
communication and final acceptance test. Provide “as built” working drawings indicating the actual material,
equipment, and construction of the various subsystem components.
Within 10 calendar days of the request, execute a data communications test using a Department supplied
software program. The data communications test may be executed by the Engineer or the Contractor with
the prior approval of the Engineer. The purpose of this test is to verify that the communications plan will
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operate with application software provided by the Department or contractor supplied software approved by
the Engineer.
Perform the data communications test for a period of 72 hr. Ensure that the test can be performed for a
continuous 72 hr. during a normal work week. If a message error or component failure occurs anywhere in
the network, restart the 72 hr. test once repairs are completed. All components of the communications
network must operate as an integral system for the duration of the test.
A message error is defined as the occurrence of a parity error, framing error, or data error in any component
of the message. The error-free message rate is defined as the ratio of the number of messages in which no
message error occurs to the number of messages transmitted. The error-free message rate must exceed
99.99% for acceptable transmission quality, both for the system as a whole, and for each component of the
network.
Provide all additional test results to the Engineer for review once a successful data communications test has
been completed. If all the requirements of this special provision have been satisfied, contract time will be
suspended and all subsystems will be placed into operation and operate as a complete ITS radio
communication system as intended for at least 30 calendar days.
Notify the Engineer of any defects suspected in integration or function of material or equipment. Investigate
any suspected defects and correct if necessary. Provide a report of findings within 2 calendar days of notice
of any suspected defects. Describe the nature of the any defects reported and any corrective action taken in
the report. The integrated subsystems must operate defect free as a single complete system for at least 72
continuous hours during the 30 calendar day review period. If the number of defects or frequency of failures
prevents all subsystems from operating as described above, the Engineer may reject the entire system
integration test results and resume contract time. Provide any necessary corrections and resubmit system
integration test results and a request to begin a final acceptance test which may include “as built” plans and a
data communications test.
The project will not be accepted, notwithstanding other provisions in the Contract, until the system, inclusive
of all subsystems, has operated satisfactorily for a period of 90 days and in full compliance with the plans
and specifications after approval of all submitted test results and reports.
4.11.1.7.

Consequences of Test Failure. If a unit fails a test, submit a report describing the nature of the failure and
the actions taken to remedy the situation prior to modification or replacement of the unit. If a unit requires
modification, correct the fault and repeat the test until successfully completed. Correct minor discrepancies
within 30 days of written notice to the Engineer. If a unit requires replacement, provide a new unit and then
repeat the test until successfully completed. Malfunctions that will substantially delay receipt and acceptance
of the unit will be sufficient cause for rejection of the unit.
Failure to satisfy the requirements of any test is considered a defect and the equipment is subject to rejection
by the Engineer. The rejected equipment may be offered again for retest provided all noncompliance has
been corrected.
If a failure pattern develops in similar units within the system, implement corrective measures, including
modification or replacement of units, to all similar units within the system as directed. Perform the corrective
measures at no additional cost to the Department or extension of time in contract period.

4.11.1.7.1.

Consequences of Design Approval Test Failure. If the equipment fails the design approval test, correct
the fault and repeat the design approval test until successfully completed.

4.11.1.7.2.

Consequences of Demonstration Test Failure. If the equipment fails the demonstration test, correct the
fault and repeat the demonstration test until successfully completed.

4.11.1.7.3.

Consequences of Field Acceptance Test Failure. If the equipment fails the field acceptance test, correct
the fault and repeat the field acceptance test until successfully completed.
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4.11.1.7.4.

Consequence of System Integration Test Failure. If the equipment fails the system integration test,
correct the fault and repeat the systems integration test until successfully completed.

4.11.1.7.5.

Consequences of Final Acceptance Test Failure. If a defect within the system is detected during the final
acceptance test, document and correct the source of failure. Once corrective measures are taken, monitor
the point of failure until a consecutive 30 day period free of defects is achieved.
If after completion of the initial test period, the system downtime exceeds 72 hr. or individual points of failure
have not operated for 30 consecutive days free of defects, extend the test period by an amount of time equal
to the greater of the downtime in excess of 72 hr. or the number of days required to complete the
performance requirement of the individual point of failure.

4.11.2.

Relocation and Removal.

4.11.2.1.

Pre-Test. Conduct performance testing prior to removal of radio equipment. Test all functional operations,
identified in this Item, of the equipment in the presence of representatives of the Contractor and the
Department. Ensure that both representatives sign the test report indicating that the equipment has passed
or failed each function. Once removed, the equipment becomes the responsibility of the Contractor until
accepted by the Engineer. Compare test data prior to removal and test data after installation. The
performance test results after relocation must be equal to or better than the test results prior to removal.
Repair or replace those components within the system which failed after relocation but which passed prior to
removal.

4.11.2.2.

Post Test. Testing of the radio equipment is for the purpose of relieving the Contractor of maintenance of the
system. The Contractor will be relieved of the responsibility for maintenance of the system in accordance
with Item 7, “Legal Relations and Responsibilities”, after a successful test period. The Contractor will not be
required to pay for electrical energy consumed by the system.
After all existing radio equipment has been installed, conduct approved continuity, stand alone, and
equipment system tests. Furnish test data forms containing the sequence of tests including all of the data
recorded as well as quantitative results for all tests. Submit the test data forms to the Engineer at least 30
days prior to the day the tests are to begin. Obtain Engineer’s approval of test procedures prior to submission
of equipment for tests. Provide at least 1 copy of the data forms to the Engineer.
Conduct an approved stand-alone test of the equipment installation at the field site(s). At a minimum,
exercise all stand-alone (non-network) functional operations of the field equipment with all of the equipment
installed per the plans as directed by the Engineer. Complete the approved data forms with test results and
provide to the Engineer for review and either acceptance or rejection of equipment. Provide at least 30
working days notice prior to all tests to permit the Engineer or his representative to observe each test.
The Department will conduct approved radio system tests on the field equipment with the Department’s
central control software. The tests will, as a minimum, exercise all remote control functions and display the
return status codes from the equipment.
If any unit fails to pass a test, prepare a report and deliver the report to the Engineer. Describe in the report
the nature of the failure and the corrective action needed. If the failure is the result of improper installation or
damage during reinstallation, reinstall or replace the unit and repeat the test until the unit passes
successfully, at no additional cost to the Department or extension of time to the contract period.

4.12.

Training. Conduct a training class (minimum of 8 hr., unless otherwise noted in the plans) for up to 10
representatives designated by the Department on procedures of installation, operations, testing,
maintenance and repair of all equipment specified within this specification. Submit to the Engineer for
approval, 10 copies of the training material at least 30 days before the training begins. Conduct training
within the local area unless otherwise authorized by the Engineer.

4.13.

Warranty. Warrant the equipment against defects or failure in design, materials, and workmanship for a
minimum of 3 years or in accordance with the manufacturer’s standard warranty if that warranty period is
12 - 14

03-15
Statewide

6062
greater. The start date of the manufacturer’s standard warranty will begin after the equipment has
successfully passed all tests contained in the final acceptance test plan. Any ITS radio equipment with less
than 100% of its warranty remaining after the final acceptance test is completed will not be accepted by the
Department. Guarantee that equipment furnished and installed for this project performs according to the
manufacturer’s published specifications. Assign, to the Department, all manufacturer’s normal warranties or
guarantees on all electronic, electrical, and mechanical equipment, materials, technical data, and products
furnished for and installed on the project.
Repair or replace any malfunctioning ITS radio equipment at the Contractor’s expense prior to beginning the
final acceptance test plan.
Repair or replace, at the manufacturer’s option, defective equipment during the warranty period at no cost to
the Department. Any replaced units will inherit the remainder of the failed unit’s warranty period.
Furnish replacement parts and all equipment, with transportation prepaid, within 10 business days of
notification of failure by the Department.
During the warranty period, provide technical support from the supplier. Provide this support within 4 hr. of
request, and provided by factory certified personnel or factory certified installers of the equipment.
Provide ongoing software and firmware updates during the warranty period at no cost to the Department. All
updates will be tested and approved by the Department prior to installation by the Department.
The Manufacture or the Contractor will maintain an inventory of parts to support maintenance and repair of
all ITS radio equipment based on the terms of the warranty.

5.

MEASUREMENT
This Item will be measured by each ITS radio furnished and installed, installed, relocated, or removed, of the
types specified, to provide communication and functionality.

6.

PAYMENT

6.1.

Furnish and Install. The work performed and materials furnished in accordance with this Item and
measured as provided for under "Measurement" will be paid for at the unit price bid for “ITS Radio” of the
various types specified.
Types are defined as ITS RADIO X1 (X2/ X3) X4 (X5) where:
 X1 = Sngl (Single Band) or Dual (Dual Band)
 (X2/X3) = Frequencies Used (i.e. 5 GHz for single or 2.4 GHz or 5 GHz for dual)
 X4 = Antenna Configuration = I (Integrated) or C (Connectorized)
 (X5) = Antenna Type = O (Omnidirectional), U (Unidirectional), S (Sector), or P (Parabolic)
This price is full compensation for making fully operational an ITS radio at locations shown on the plans; all
radio equipment, voltage converters or injectors, mounting brackets, hardware, cables and connectors; and
all testing, training, software, equipment, labor, materials, tools, and incidentals.

6.2.

Install Only. The work performed and materials furnished in accordance with this Item and measured as
provided for under "Measurement" will be paid for at the unit price bid for “ITS Radio (Install Only).” This price
is full compensation for making fully operational an ITS radio furnished by the Department at locations shown
on the plans; and all testing, training, software, equipment, labor, materials, tools, and incidentals.

6.3.

Relocate. The work performed and materials furnished in accordance with this Item and measured as
provided for under "Measurement" will be paid for at the unit price bid for “Relocate ITS Radio.” This price is
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full compensation for relocating and making fully operational an existing an ITS radio as shown on the plans;
and all testing, training, software, equipment, labor, materials, tools, , and incidentals.
6.4.

Remove. The work performed and materials furnished in accordance with this Item and measured as
provided for under "Measurement" will be paid for at the unit price bid for “Remove ITS Radio.” This price is
full compensation for removing an existing ITS radio as shown on the plans; and all testing, training,
software, equipment, labor, materials, tools, and incidentals.
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