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Abstract: Baseline performance requirements and associated test procedures for down-the-
road (DTR) traffic radar speed-measuring devices are established in this standard. Modulated or
unmodulated continuous-wave (CW) microwave energy is transmitted, the signal reflected from
moving vehicles within the microwave beam is received, the Doppler shift of the reflected signal to
measure and display the speed of the vehicle that is being tracked, and if applicable, the speed of
the patrol vehicle, is processed by these DTR radar devices. Unmanned radar speed-measuring
devices, automated speed enforcement, or DTR radar range measurements are not covered in this
standard.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at https://standards.ieee.org/ipr/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use,
are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute) develops its standards through a consensus
development process, approved by the American National Standards Institute (“ANSI”), which brings
together volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards
are documents developed through scientific, academic, and industry-based technical working groups.
Volunteers in IEEE working groups are not necessarily members of the Institute and participate without
compensation from IEEE. While IEEE administers the process and establishes rules to promote fairness in the
consensus development process, IEEE does not independently evaluate, test, or verify the accuracy of any of
the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security, environmental,
health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments received
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE should be considered the approved
IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless
of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and Standards
Coordinating Committees are not able to provide an instant response to comments or questions except in
those cases where the matter has previously been addressed. For the same reason, IEEE does not respond to
interpretation requests. Any person who would like to participate in revisions to an IEEE standard is welcome
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy
portions of any individual standard for company or organizational internal use or individual, non-commercial
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer
Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions
of any individual standard for educational classroom use can also be obtained through the Copyright Clearance
Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended through
the issuance of amendments, corrigenda, or errata, visit the IEEE Xplore at https://iceexplore.icee.org/ or
contact IEEE at the address listed previously. For more information about the IEEE-SA or IEEE’s standards
development process, visit the IEEE-SA Website at https://standards.ieee.org.

Errata

Errata, if any, for IEEE standards can be accessed via https://standards.ieee.org/standard/index.html. Search
for standard number and year of approval to access the web page of the published standard. Errata links are
located under the Additional Resources Details section. Errata are also available in IEEE Xplore: https://
ieeexplore.ieee.org/browse/standards/collection/ieee/. Users are encouraged to periodically check for errata.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 2450-2019, IEEE Standard for the Performance of Down-the-Road Radar Used
in Traffic Speed Measurements.

This standard is based on the Speed-Measuring Device Performance Specifications: Down-The-Road
Radar Module (DOT HS 812 266), April 2016 [B5],' that was maintained by the National Highway Traffic
Safety Administration of the Department of Transportation. This standard establishes baseline performance
requirements and associated test procedures for traffic radar speed-measuring devices. Citizens, courts, and
law enforcement officers should be assured that those radar speed-measuring device models, determined by
test to comply with these specifications, will provide the performance required to accurately measure and
record vehicle speed. This standard incorporates most or all of the performance requirements contained in the
DOT HS 812 266 with updates to requirements and test methods. This standard is intended, upon its release, to
serve a full replacement for the DOT HS 812 266 [B5].

'The numbers in brackets correspond to those of the bibliography in Annex A.
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IEEE Standard for the Performance
of Down-the-Road Radar Used in
Traffic Speed Measurements

1. Overview

1.1 Scope

The scope of this standard is limited to radar speed-measuring devices used by law enforcement agencies
for enforcing vehicle speed regulations, where these radar devices are operated in a “down-the-road” (DTR)
fashion, meaning that the radar is aimed in a direction nominally parallel to direction of travel on the roadway
and toward traffic. These DTR radar units transmit modulated or unmodulated continuous-wave (CW)
microwave energy, receive the signal reflected from moving vehicles within the microwave beam, process the
Doppler shift of the reflected signal to measure and display the speed of the vehicle that is being tracked, and
if applicable, the speed of the patrol vehicle. This standard does not apply to unmanned radar speed-measuring
devices, automated speed enforcement, or DTR radar range measurements.

1.2 Purpose

The purpose of this standard is to specify the baseline performance requirements and associated test procedures
for radar speed-measuring devices used by law enforcement agencies for enforcing vehicle speed regulations.
This standard does not define a product conformity program.

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments or corrigenda) applies.

IEC 60950-1:2005+AMD1:2009+AMD2:2013 CSV, Consolidated version, Information technology
equipment—Safety—Part 1: General requirements.’

IEC 61000-4-6:2013, Electromagnetic compatibility (EMC)—Part 4-6: Testing and measurement
techniques—Immunity to conducted disturbances, induced by radio-frequency fields.

U.S. Code of Federal Regulations, Title 47, Section 1.1310 (47 CFR 1.1310), Radiofrequency radiation
exposure limits.?

[EC publications are available from the International Electrotechnical Commission (https://www.iec.ch).
3CFR publications are available from the U.S. Government Publishing Office (https://www.ecfr.gov/).
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3. Definitions

For the purposes of this document, the following terms and definitions apply. The /EEE Standards Dictionary
Online should be consulted for terms not defined in this clause.*

accuracy (measurement accuracy): Closeness of agreement between a measured quantity value and a true
quantity value of a measurand. (Definition 2.13 of JCGM 200:2008 [B2]°)

antenna horizontal beamwidth: In the horizontal plane, the angle between the two directions in which the
radiation intensity is one half the maximum value as measured along lines equidistant from the face of the

antenna.

NOTE—See Figure 1.

maximum power, P, at this point

main lobe

S

distance, d

antenna

Figure 1—Radar beam pattern showing main lobe, side lobes, and beamwidth

automatic self-lock: A control function of a radar device that, when activated, causes the device to
automatically retain the displayed speed of a target vehicle when the target speed exceeds some preset value,
as well as to preserve that speed displayed until manually reset by the operator.

closing speed: The speed at which a target is moving toward the speed-measuring device, measured as the rate
of change of the distance from the device to the target.

common output protocol (COP): Communication language that provides information on the settings of the
radar unit and its speed measurement value.

directional radar: Radar that determines whether the target vehicle is moving toward or away from the radar
antenna.

Doppler audio: An audible signal whose frequency is proportional to the speed of the target vehicle.

“IEEE Standards Dictionary Online is available at: http://dictionary.ieee.org/.
*The numbers in brackets correspond to those of the bibliography in Annex A.
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Doppler shift: The change in the frequencies of the transmitted signal relative to the frequencies of the
reflected signal that are caused by a difference in the velocity between the sources of the transmitted and
reflected signals, where for this application, the source of the transmitted signal is the patrol vehicle and the
source of the reflected signal is the target vehicle or a stationary object.

NOTE—Annex C provides additional information on the Doppler shift, including the Doppler shift equation and example
calculations of Doppler shifts for typical DTR radar scenarios.

erroneous reading: An incorrect target speed or patrol speed displayed by the radar device.
fastest display: The display that provides a readout of the fastest moving target that is within the radar beam.

fastest option: An option that, when enabled, allows the measurement and display of the speed of the fastest
target vehicle in either the stationary mode or the moving mode.

fastest switch: A momentary or toggle-function control that permits activation of the fastest option.

internal circuit test: A test function (whether manually or automatically initiated) that verifies that all radar
device internal signal processing circuitry, except for the microwave transmitter and receiver, is working
correctly.

K-band radar: A radar speed-measuring device designed to operate in the frequency range of approximately
24 GHz, with the specific frequencies determined by the applicable national or international standards.

Ka-band radar: A radar speed-measuring device designed to operate at a specific frequency in the frequency
range of approximately 33 GHz to 36 GHz, with the specific frequencies determined by the applicable national
or international standards.

low-voltage indicator: An alarm function that alerts the operator when a low supply-voltage condition exists.

lower sideband: The part of the frequency spectrum of the received Doppler-shifted signal that is lower in
frequency than the radar’s transmitted signal.

microwave output power: The power produced by the microwave transmitter that is delivered to the radar
antenna.

moving mode: The capability of a radar device to measure and display the speed of a target vehicle while the
radar device is in motion.

near-field region: That region between the transmitting antenna and the region starting at approximately 2d%/A
form the transmitting antenna, where d is the horn diameter or the maximum linear dimension of the antenna
and A is the wavelength of the transmitted frequency, in consistent units.

nominal value (nominal quantity value): Rounded or approximate value of a characterizing quantity of a
measuring instrument or measuring system that provides guidance for its appropriate use. (Definition 4.6 of
JCGM 200:2008 [B2])

opposite-direction moving mode: The capability of a radar device to measure and display the speed of a
target vehicle while the radar device and the target vehicle are moving in opposite directions.

patrol channel: That portion of the radar circuitry of a radar device that processes and displays the speed of a
patrol vehicle.

patrol speed: The speed at which the patrol vehicle is moving with respect to the ground.
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patrol speed display: The display that provides a readout of the patrol speed.

polarization: That property of a radiated electromagnetic wave describing the time-varying direction of the
electric field vector.

power density (surface power density): The power per unit area or energy flux per unit area.

same-direction moving mode: The capability of a radar device to measure and display the speed of a target
vehicle while the radar device and the target vehicle are moving in the same direction.

speed-display transfer: The capability of transferring the speed reading from the patrol speed display to the
target display.

speed-monitor alert: A function that alerts the operator when a displayed target vehicle speed is equal to or
exceeds a level of an operator-set threshold speed.

squelch: The capacity of a radar device to inhibit the Doppler audio sound when the radar is in operation and
not receiving a target signal.

standby mode: The state of a radar device in which power to the microwave oscillator is inhibited, thereby
preventing the device from radiating a radio frequency (an RF) signal, although all remaining circuitry is
normally powered and functioning.

stationary mode: The capability of a radar device to operate from a fixed position and display the speed of a
target vehicle within the required accuracy tolerance.

target channel: The portion of the radar circuitry that processes and displays the speed of the target vehicle.

target display: The display that provides a readout of the speed of the target vehicle within the radar beam that
has the correct parameters for the radar’s operating mode and has a return signal with the largest amplitude.

target speed: The speed of the target vehicle along its path, with respect to the ground.

target vehicle: The vehicle identified as producing a given Doppler radar signal and whose speed is processed
and displayed by the radar device.

track-through-lock: The feature of a radar device whereby the unit continues to measure, process, and
accomplish audio Doppler tracking and, in some cases, displays in real time the target speed after the speed-
lock switch has been actuated to the lock condition.

tuning fork: A mechanical self-resonant device that, when excited, produces free oscillations that may be
used to generate a pseudo-Doppler frequency reference when placed in the radar antenna beam.

unit under test (UUT): Radar device being examined.

upper sideband: The part of the frequency spectrum of the received Doppler-shifted signal that is higher in
frequency than the radar’s transmitted signal.

X-band radar: A radar speed-measuring device designed to operate at a specific frequency in the frequency
range of approximately 10.5 GHz, with the specific frequencies determined by the applicable national or
international standards.
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4. Requirements
4.1 Safety
4.1.1 Radiation exposure

The maximum surface power density delivered by the UUT when operated at the manufacturer provide supply
voltage shall not exceed 5 mW/cm? as measured according to 5.10.1 of this standard, per U.S. 47 CFR 1.1310.¢

4.1.2 Electrical

The UUT shall meet the requirements of Section 2.1, “Protection from electrical shock and energy hazards,”
of [EC 60950-1:2005+AMD1:2009+AMD?2:2013 CSV as amended.

4.1.3 Mechanical

The UUT shall meet the requirements of Section 4.1 through Section 4.4 of IEC 60950-1:2005+AMD1:2009+
AMD2:2013 CSV as amended.

4.1.4 Thermal

The UUT shall meet the requirements of Section 4.5, “Thermal requirements,” of IEC 60950-1:2005+AMD1:
2009+AMD2:2013 CSV as amended.

4.2 Electromagnetic interference
4.2.1 Conducted electromagnetic interference requirements

The susceptibility of the radar device to conducted electromagnetic interference shall be demonstrated by
testing in accordance with IEC 61000-4-6:2013. During this test, the radar device shall demonstrate normal
performance for Requirement 4.6.2 within limits specified in the requirement. During these tests, a blank
target display does not constitute an erroneous reading.

4.2.2 Radiated electromagnetic interference requirements

The susceptibility of the radar device to conduct electromagnetic interference shall be demonstrated by testing
in accordance with IEC 61000-4-3:2010 [B3] at 10 V/m. During this test, the radar device shall demonstrate
normal performance for Requirement 4.6.2 within limits specified in the requirement. During these tests, a
blank target display does not constitute an erroneous reading.

4.3 Operational
4.3.1 Low supply voltage operation

4.3.1.1 Low-voltage accuracy

When tested according to 5.2.1, the radar unit shall not display any erronecous readings at, or below, the
threshold voltage that activates the low-voltage indicator and shall display correct speeds when the low-
voltage indicator is set. Any process performed by the radar unit to meet this requirement is acceptable. A
blank display is not an erroneous reading. If a speed value is displayed, the radar unit shall continue to meet the
requirements of 4.6 for the test method given in item d) in 5.2.1.

*Information on references can be found in Clause 2.
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4.3.1.2 Low-voltage indicator

When tested according to 5.2.1, the low-voltage indicator shall activate if the supply voltage is reduced to
10.8 V (fora 12 V system) or to the lowest voltage specified by the manufacturer (item a) of 5.12.1), whichever
is lower.

4.3.2 Doppler audio
4.3.2.1 General

The Doppler audio output characteristics of audio output and volume control, audio squelch and squelch
override, audio track-through-lock, and speed-monitor alert shall meet the following requirements.

4.3.2.2 Audio output and volume control

The radar device shall emit a Doppler audio tone that is correlated with the received Doppler signal and any
interference present, as tested per 5.2.2.2, and it shall have an audio volume-adjustment control, as tested per
52.2.3.

4.3.2.3 Audio squelch and squelch override

When the radar device is operated, the Doppler audio tone shall be squelched as long as no target speed signal
is being processed, as tested according to 5.2.2.4. When a target speed signal is present, the Doppler audio
signal shall be present in the audio output. The radar device shall permit the operator to inhibit the squelch
action to keep the receiver open, as tested according to 5.2.2.5.

4.3.2.4 Audio track-through-lock (optional feature)

The Doppler audio tone shall continue to follow the received Doppler signal when the speed lock switch is
activated as tested according to 5.2.2.6.

4.3.3 Standby feature (optional feature)

Switching the radar device from standby to ON shall not cause any erroneous speed readings with a target
present as tested according to 5.3.

4.3.4 Speed display—display readability

The display shall be clearly readable when tested in accordance with 5.4 and used as intended by the
manufacturer.

4.3.5 Display speed-lock control (optional feature)
4.3.5.1 Manual lock

The speed-lock switch shall require manual activation by the radar device operator and shall not be capable of
automatic self-lock, as tested according to 5.5.2.

4.3.5.2 Speed locked

Preserve the displayed target vehicle and patrol vehicle (moving mode) speed readings, as tested in accordance
with 5.5.3.

4.3.5.3 Track-through-lock (optional feature)

The speed reading(s) displayed after locking shall be the target speed and patrol speed (moving mode only)
that existed at the instant the speed-lock switch was activated, as tested in accordance with 5.5.4.
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4.3.5.4 Patrol vehicle speed lock

The radar device shall lock patrol vehicle speed as described in 5.12.1.

4.3.5.5 Patrol vehicle speed tracking

The radar device shall track patrol vehicle speed as described in 5.9.4.

4.3.6 Display functions
4.3.6.1 Speed recall

The radar device shall ensure that a previous speed reading does not appear to be the current tracked vehicle
speed or locked-target speed, as tested in accordance with 5.6.1.

4.3.6.2 Patrol speed blanking

The radar device shall not be capable of blanking the patrol speed display except after it is locked, as tested in
accordance with 5.6.2.

4.3.6.3 Display-clear function

The selection of a different mode of operation of the radar device such as switching from off to on or lock to
clear; or between stationary and moving mode, opposite and same-direction mode, front and rear antenna,
or faster and slower target mode; shall automatically clear the radar device of all displayed readings whether
the speed-lock switch is activated or not, unless the radar device retains displayed information indicating the
mode used to acquire the locked-in target speed, as tested in accordance with 5.6.3. It is not necessary to clear
locked-in speed readings to perform a test.

4.3.6.4 Speed-display transfer

In the moving mode, the radar device shall not be capable of transferring the patrol-speed reading from the
patrol-speed display to the target-speed display, as tested in accordance to 5.6.4.

4.3.7 Internal circuit test function

The radar device shall have a self-test function that, when activated, determines whether or not internal
signals will be processed and displayed to within £2 km/h (1 mph). The radar device shall display the correct
reading(s) when performing the internal circuit test function, and it shall be impossible for the radar device to
lock in the speed displays caused by this test. These readings shall be cleared when the radar device is switched
to another mode of operation. The test shall be performed in accordance with 5.7. The internal circuit test
switch shall not be labeled "Cal" or "Calibrate."

4.3.8 Target vehicle speed-capture stability
4.3.8.1 Stationary mode

When the radar device is operating in the stationary mode, the signal level necessary for the UUT to capture
the target vehicle speed shall not vary more than 10 dB for targets traveling at speeds between 48 km/h and
144 km/h (30 mph and 90 mph) nor more than 5 dB for targets traveling at speeds between 96 km/h and
144 knm/h (60 mph and 90 mph), as tested in accordance with 5.8.1.

4.3.8.2 Moving mode, opposite-direction

When the radar device is operated in the opposite-direction moving mode at a patrol speed of nominally
40 km/h (25 mph), its closing speed channel sensitivity shall not vary more than 10 dB for targets traveling at
speeds of 64 km/h to 144 km/h (40 mph to 90 mph), except for those targets traveling at the patrol speed or a
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multiple of the patrol speed. When operated at a patrol speed of 80 km/h (50 mph), its closing-speed channel
sensitivity shall not vary more than 5 dB for targets traveling at speeds of 96 km/h to 144 km/h (60 mph to
90 mph). This shall be as tested in accordance with 5.8.2.

4.3.8.3 Moving mode, same-direction target channel sensitivity

When the radar device is operated in the same-direction moving mode at a patrol speed of either 64 km/h
(40 mph) or 88 km/h (55 mph), its signal processing channel sensitivity shall not vary more than 10 dB for
targets traveling faster, or slower, but within 8 km/h to 40 km/h (5 mph to 25 mph) of the patrol speed. This
shall be as tested in accordance with 5.8.3.

4.3.9 Speed capture functions
4.3.9.1 Fastest option
4.3.9.1.1 Stationary mode

For all radar device types: When the radar device is operated in the fastest option with a target speed of 40 km/h
(25 mph) and a target speed of 64 km/h (40 mph), the fastest display shall indicate the higher of the target
speeds, as tested according to 5.9.1.1.

4.3.9.1.2 Moving mode

When the radar device is operated in the moving fastest option, with a patrol speed of 80 km/h (50 mph) and
two target speeds, 64 km/h (40 mph) and 136 km/h (85 mph), the fastest display shall indicate the higher of the
target speeds, as tested according to 5.9.1.2.

4.3.9.2 Directional radar
4.3.9.2.1 General

When operating in a direction-sensing mode, directional radar devices shall discriminate between targets
approaching and receding from the radar.

4.3.9.2.2 Stationary mode

The radar device, when tested in accordance with 5.9.2.1, shall not display a target speed for the unselected
mode (approaching or receding).

4.3.9.2.3 Moving mode

The radar device, when tested in accordance with 5.9.2.2, shall not display a target speed for the unselected
mode (approaching or receding).

4.3.9.3 Target low- and high-speed capture
4.3.9.3.1 Stationary mode, low speed

The UUT shall function at a speed of 32 km/h (20 mph) or the lowest speed at which the manufacturer states
that the radar device operates properly, whichever is lower, as tested in accordance with 5.9.3.1.

4.3.9.3.2 Stationary mode, high speed

The UUT shall function at a speed of 160 km/h (100 mph) or the highest speed at which the manufacturer
states that the radar device operates properly, whichever is higher, as tested in accordance with 5.9.3.2.
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4.3.9.3.3 Moving mode, opposite-direction, low speed

The UUT shall function properly at a speed of 32 km/h (20 mph) or the lowest speed at which the manufacturer
states, whichever is lower, as tested in accordance with 5.9.3.3.

4.3.9.3.4 Moving mode, opposite-direction, high speed

The device shall process closing speeds of at least 273 km/h (170 mph). K-band radar devices shall not process
closing speeds of 338 km/h (210 mph) or greater. The requirement shall be tested in accordance with 5.9.3 4.

4.3.9.3.5 Moving mode, same-direction, low speed

The device shall process closing speeds within £8 km/h (+5 mph) of the patrol speed, or the lowest closing
speed the manufacturer states the radar device operates properly, whichever is the lower closing speed, as
tested in accordance with 5.9.3.5.

4.3.9.3.6 Moving mode, same-direction, high speed

The device shall process closing speeds within 40 km/h (25 mph) of the patrol-speed, or the highest closing
speeds the manufacturer states that the radar device operates properly, whichever is the higher closing speed,
as tested in accordance with 5.9.3.6.

4.3.10 Auxiliary displays

If the radar device has auxiliary speed displays, the requirements specified for the target channel and patrol
channel displays shall apply to the auxiliary displays. If the radar device utilizes a separable, remote display
module, this remote module shall display, as a minimum, the retained target speed. The remote module shall
blank all displays or display current radar information when reconnected to the radar device. This requirement
shall be tested according to 5.9.5.

4.3.11 Same-direction moving-mode speed computation indicator

For nondirectional radar devices having a same-direction moving-mode capability, the readout unit shall have
a visual indicator showing whether target speed is being computed on the basis of a target vehicle traveling
faster or slower than the patrol vehicle. This requirement does not apply to directional radar devices that
automatically perform the correct faster/slower target speed calculation using direction-of-travel information.
This requirement shall be tested according to 5.9.6.

4.3.12 Fastest option indicator

For those radar devices having a fastest option (moving or stationary), in which the fastest readout replaces
any other speed readout, the readout unit shall have a visual indicator showing that the target speed being
displayed is associated with a faster target within the radar beam. This visual indicator is not required if a
dedicated readout is used for the fastest display. This requirement shall be tested according to 5.9.7.

4.4 Common output protocol (COP) (optional)

The common output protocol is tested in conjunction with the relevant sections of Clause 5, and the required
inputs for the results of these tests are indicated in the appropriate sections of Clause 4. Details of the COP
operation and interface are given in Annex B.
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4.5 Microwave transmission
4.5.1 General

The microwave characteristics of transmission frequency and frequency stability, input current stability,
radiated output power stability, antenna horizontal beamwidth, and antenna near-field power density shall
meet the following requirements.

4.5.2 Frequency

The carrier frequency, £, of the microwave output shall be within the assigned frequency band as tested in
accordance with 5.10.2 and when operated at the standard supply voltage.

4.5.3 Frequency stability
4.5.3.1 Radar devices powered by 12-V automotive system

For a device intended to operate from a nominal 12 V automotive system, the transmission frequency shall
remain within the assigned frequency band for K-band and X-band radar devices and within =100 MHz of
f. for Ka-band radar devices and for the voltage varying between V,,, which is the greater of approximately
1.2 V,,, or the manufacturer’s specified upper voltage limit, and V,,, which is the lesser of 0.8 V,,, or the

nom nom

manufacturer’s specified lower voltage limit, as tested in accordance with 5.10.3.

4.5.3.2 Radar devices powered by battery pack

For radar devices that use a battery pack for power, £, shall remain within the assigned frequency band if the
voltage is varied between the manufacturer’s specified V), and 7, and as tested in accordance with 5.10.3.

4.5.3.3 Radar devices powered by 12-V automotive system or battery pack

Forradar devices that may be powered by a battery pack or anominal 12 V automotive system, the requirements
of'4.5.2 and 4.5.3 shall apply when tested in accordance with 5.10.2 and 5.10.3.

4.5.4 Radiated output power stability

The microwave output power shall not vary by more than £1.5 dB from its nominal value when operating at
the manufacturer-provided supply voltage and as tested according to 5.10.4.

4.5.5 Antenna horizontal beamwidth

The angle between the —3 dB power points of the main lobe of the antenna radiation pattern, which is the
beamwidth (BW), relative to the maximum power, shall not exceed 20° for X-, K-, and Ka-band radar devices.
The test method used to measure beamwidth shall be described by the entity performing the test.

4.5.6 Standby/operate switch

Handheld radar devices shall have a positive action control (standby/operate switch) that, when operated in
the stationary mode, must be held depressed for the radar device to transmit its microwave signal. When this
control is released, the radar device shall cease to transmit its microwave signal. No mechanism shall exist as
part of the radar device to lock this control switch in the transmit position. The radar unit under test shall be
tested according to 5.10.5.

4.5.7 Manual antenna selection

If the radar device provides manual antenna selection, the radar unit under test shall be tested according to
5.11.2.
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