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PREFACE 

This document has been prepared for a number of audiences interested in police 
t raf f ic  radar. They include police agencies that use radar equipment to 
enforce speed laws, the legal community that depends on the accuracy and 
re l i ab i l i t y  of radar evidence to support speeding citations, and the radar 
manufacturers. The report provides the reader with information about a l l  
of the research work regarding police t ra f f ic  radar completed by the National 
Bureau of Standards (NBS) under an interagency agreement with the National 
Highway Traffic Safety Administration (NHTSA). 

There are three chapters in this report. The f i r s t  chapter provides an overview 
of the current status of police t ra f f ic  radar for speed enforcement. I t  
summarizes the Federal Government's act iv i ty in this area since 1917 and 
reiterates NHTSA's recommendations regarding the future use of radar for 
speed enforcement. (See the NHTSA position paper entit led "Police Traff ic 
Radar," published in 1980 as a NHTSA Technical Report No. DOT-HS-805-254 
for a more complete presentation of this material.) 

The second chapter discusses the recent proposed rulemaking act iv i ty for 
performance standards for police t ra f f ic  radar as they were published jn 
the Federal Register (46 FR 2097). However, the Agency has decided to termi- 
nate the rulemaking process. In place of a performancestandard, model perfor- 
mance specifications are being published in the next chapter of this document. 
The rationale for Changes the Agency has made in the proposed performance 
standards before they are being released in the form of model Performance 
specifications are:included in this chapter. 

Chapter 3 presents the actual model specifications for police t ra f f i c  radar, 
along with recommended procedures whereby radar devices can be tested to 
assess whether they meet theproposed guidelines. 

Finally, Appendix A provides :the reader with a model "Request for Proposals" 
(RFP) for t ra f f ic  radar prepared by the Michigan State Radar Commission. 
We endorse the format Suggested in this model RFP and wouldencourage other 
States and local jurisdictions to consider using i t  when procuring police 
radar equipment. Of course, we recognize that many State and local jur isdic-  
tions may have unique requi,ements and would need to modify such an RFP to 
meet their needs. 

Appendix B reprints'the text of our recent report describing f ie id  strengths 
of 20 models of radar units. A,copy of the complete report is available 
upon request. ("Field Strength Measurements of Speed Measuring Radar Units," 
(1981), NHTSA Technical Report No. DOT-HS-805-928.) 
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Police t ra f f i c  radar has been used to detect speeding motorists for about 
30 years in this country. During that time radar speed measuring devices 
have evolved from the original bulky stationary models to the present compact 
and sophisticated models capable of monitoring vehicle speeds in both stationary 
and moving modes. These technological advances have greatly enhanced the 
mobility, efficiency, and effectiveness of police traf f ic radar operations. 
However, highway safety and t ra f f ic  law enforcement off icials are now faced 
with a dilemma since the same technological advances that enable increased 
productivity and efficiency have also witnessed closer scrutiny by the courts. 
In addition,• the public is beginning to question both the re l iab i l i t y  and 
accuracy of radar devices and the adequacy of police radar operator train- 
ing. 

At the present time, there are no nationally recognized performance standards 
for police traffiC radar speed measuring devices. Further, operator training 
requirements, which have traditionally been established by each individual 
police agency(usually with the assistance of the radar manufacturer), range 
from less than one hour toseveral days. The quality of operator training 
often has not kept up with the technological advances. In many cases, training 
has been limited toteaching the officer how to set up, test, and operate 
the device. All too Often, failure to provide detailed training in recognizing 
and avoiding the electronic anomalies associated with modern t raf f ic  radar 
devices has led police of f icersto believe that radar devices are infal l ible. 

A highly publicized Dade County, Florida evidentiary hearing regarding the 
re l iab i l i t y  and accuracy ofradar illustrates the type of challenge now being 
encountered. The hearing, conducted by Judge Alfred Nesbitt in April 1979, 
focused on two issues. First, whether radar speed measuringdevices currently 
produced are reliable enough to be used as evidence; and second, whether 
police officers are.receiving adequate•training in the proper operation of 
the devices. After nine days of testimony, during which experts from both 
sides were invited to test i fy,  Judge Nesbitt ruled: 

• ~ . . . 

... that the re l iab i l i t y  of the radar speed measuring , 
devices•as used in their present modes and particularly 
in thesecases•, has.not been established beyond and to 
the exclusion of every reasonable doubt . . . . .  :. 

While the Dade Count~ hearing did not trigger the predicted nationwide demise 
of police t raf f ic  radar, i t  has highlighted the fact that there are circumstances 
where radar has its l.imitations. Subsequent court decisions such as State 
of New Jersey vs~.Wojtkowiak and State of Hawaii vs.•Earl W. Fedje, et al . ,  
generally have upheld the re l iab i l i tyand accuracy of police t raf f ic  radar. 
However,.the message•from the courts is clear: highway safety and law enforce- 
ment administrators mus~t ensure that radar operators receive adequate training, 
including recognition and avoidance of the electronic anomalies associated 
with such devices. Operatorsmust be able to demonstrate their competence 
with the unit under varying conditions in supervised field performancetests. 
In addition, the radar manufacturing industry should implement str ict  quality 
control measures to ensure the re l iab i l i t y  and accuracy of their equipment, 
and contin~;e to search for  ways toimprove the target iden t i f i ca t ion  capabi l i t ies  
of present radar devices. 
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The courts, as well as some radar cr i t i cs ,  also have pointed out the need 
for State-level policy guidance for police radar enforcement programs. The 
immediate reaction to such crit icism tends to be defensive. Perhaps this 
is ,~n appropriate l . i .~,  to review radar programs frnm a constructive viewpoint. 
After evaluation ot present programs, highway safety and law enforcement 
off ic ia|s should Jevelop and implement comprehensive policies and procedures 
to ensure that police t raf f ic  radar isused properly and that t ra f f i c  safety 
and energy conservation goals are achieved. State-level policy guidance 
would provide the added benefit of increased uniformity within a State and 
encourage statewide development of standard operating procedures. Thiswould 
enhance voluntary compliance as the motoristtravels through the many jur isdic-  
tions within each State. - 

NHTSA has sponsored two programs which should upgrade both the re l i ab i l i t y  
and credib i l i ty  of police t ra f f i c  radar equipment and the quality of operator 
training. 

Equipment: 

In August 1977, before the above issues were raised publicly, NHTSA entered 
into an interagency agreement with NBS to develop performance standards for 
police speed measuring devices. The NBS has inventoried al l  police speed 
measuring devices (radar.'and nonradar) used in this country and has developed 
or is developing comprehensive performance specifications for each speed 
measuring device category. The draft performance standards for radar devices 
were completed and submitted to NHTSA in November 1980. On january 8, 1981, 
these specifications appeared as a proposed rulemaking in the Federal Register 
23 CFR 1221. Nineteen comments were received and reviewed in response to 
the proposed rule~ The comments that were appropriate were synthesized into 
the model:radar specifications which are presented later in this report. 
I t  is hoped that these model specifications wi l l  assist police administrators 
in making more informed purchasing decisions. 

In addition, de aSked NBs to conduct special Performance tests on the six 
radar devices identified in the Dade County hearing. The purpose of this 
project was to test each of the six radar units to observe their operational 
capability in certain operating situations or environments that were described 
in the hearing. The preliminary test results confirmed that the six devices 
produced reliable and accurate speed measurements. However, NBS also determined 
that thereare certain operational situations which may lead an inattentive 
or untrained operator to obtain an inaccurate reading or to associate the 
speed indicated on the radar device with thewrong vehicle. NBS also points 
out the potential fo'c..obtaining an erroneous reading on a target vehicle 
under certain conditions when the radar unit i's operated in the moving mode. 
Judgemental errors may. occur i f  police radar operators do not understand 
and avoid.the specific circumstances which give rise to these anomalies. 

I t  is also clear that police administrators must ensure ~hat radar devices 
ar'e properly maintained and periodically tested-and calibrated. Written 
policy defining maintenance and calibration procedures should be established 
in each agency. The procedures should define the conditions under which 
each device should be calibrated by a licensed technician. As a minimum, 
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we recommend that each radar unit be tested for measurement accuracyannually. 
The written policy should specify that accuratemaintenance, repair, and 
calibration records for each device should be established and maintained. 
by the agency. These records should be available to the courts, whenever 
necessary., to verify the accuracy of the device. 

While NBS evaluated the six devices mentioned in the Dade County hearing, 
NHTSA also sponsored a parallel effort to measure the microwave f ield strengths 
surrounding 20 models currently in use. The purpose of these measurements 
was to determine whether the microwave f ield strengths fe l l  within the exposure 
limits set by theOccupational Safety and Health Act (OSHA), or new, more 
stringent proposed standards set by the American National Standards Institute 
(ANSI). This effort was also undertaken in response to the 1976 International 
Association of Chiefs of Police (IACP) resolution calling for government ..... 
concern and involvement in this area. 

In sum, the assessment found that even with continuous exposure, no measurements 
at the aperture of the antennas of all devices tested exceeded the maximum 
acceptable OSHA exposure levels or the proposed ANSI exposure levels. In 
the typical casewhen the operator is clearly not directly in front of the 
antenna and is no,less than. three feet or more away from the aperture, the 
f ie ld strengths:were either not measureable, or were several orders of magnitude 
less than the maximum exposure levels allowable. 

The text of the .NHTSA report prepared by NBS ("Field Strength Measurements 
of Speed Measuring Radar, Units, NHTSA Technical Report No. DOT-HS-805-928)* 
is available in AppendixA. 

Training: " . "  , . .  

In July 1980, NHTSA Publishedand circulated a draft model basic operator's 
training course in radar speed measurement. The.final-edition. is slated 
for publication in January 1982. .The overall goal of this training program 
is to improve the effectiveness of speed enforcement through the proper and 
eff icient use of police t raf f ic  radar devices. The specific objectives of 
the radar course are to develop and/or improve the traineeis ab i l i t y  to: 

. . . "  . . . .  ' 

o Describe the association between excessive speed andaccidents, 
deaths and injuries, and describe the highwaysafety benefits of 
effective speed.control. 

o Describe the basic principlesof radar speed measurement. 
• . , . , 

' o Acquireand.demonstrate basic ski l ls in testing and operating the 
. . :  .specific radar instruments. ' 

*Copies of the complete report may be.obtained from the NTIS, Springfield, 
VA 22161 under #PB 8 1  240079. 
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:0 Identify the specific radar instrument.(s) used by the trainee's 
agency and describe the instruments major components and their 
functions. 

Identify and describe the laws, court rulings, regulations, policies 
and procedures affecting radar speed measurement, and speed enforce- 
ment in general. 

0 Acquire and demonstrate basic sk i l ls  in preparing and presenting 
records and courtroom testimony relating to radar speed measurement 
and enforcement. 

The •radar training course is designed in a modular format to provide maximum 
f l e x i b i l i t y  for the user. I t  is comprised of eight units, each of which 
has specific performance objectives~ The formal classroom training comprises 
a block of 24 instruction hours. Upon successful completion of a written 
exam, the trainee must undergo a minimum of 16 instruction hours of supervised 
f ie ld practice. After completing the course of instruction, the trainee 
must be able to demonstrate his operational (real world) competency before 
being cert i f ied to take enforcement action based onradar speedevidence. 
Recertification of al l  operators should occur within not less than one nor 
more than three years. 

Although this course focuses on enforcement and•is intendedprimarily for 
the police patrol of f icer,  we recommend participation in the training program 
by t ra f f i c  adjudication personnel, e.g., judges, administrative hearing off icers, 
prosecutors, etc. Such personnel routinely decide upon the admissibil i ty 
and weight of radar speed evidence, the strengths and weaknesses of the instru- 
ments, and the capabilit ies and limitations of the operators. This.type 
of training wi l l  provide adjudication personnel with a good working knowledge 
of radar speed measurement principles and an understanding of the issues 
relevant to judicial deliberations. 

C o n c l u s i o n s / R e c o a ~ m d a t i o n s  - 

NHTSA believes that police t r a f f i c  radar is an ef fect ive enforcement tool .  
The. role of po l i ce . t r a f f i c  rada~ in i t ra f f i c  safety enforcement continues 
to be of c r i t i ca l  importance. Police t ra f f ic  radar provides a means of increas- 
ing enforcement effectivenessand thus enables police administrators to better 
cope with the scarcity of manpower resources and rapidly increasing fuel 
costs. 

Highway safety and law enforcement of f ic ia ls  should recognize the fal lacy 
of purchasing radar devices solely on the basis of economy without due regard 
to their performance capabilit ies. These of f ic ia ls  must also recognize the 
importance of greatly improved operator training and State-level policy guidance 
to ensure high quality and more uniform police radar operations throughout 
a State. Inaction on these issues by State and local highway safety and 
law enforcement of f ic ia ls  may well result in judicial l imitations governing 
the use of police t ra f f ic  radar. 
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I t  is important that each State develop a comprehensive radar speed enforcement 
program which, as a minimum, embraces model performance specifications for 
radar operator training, operator certif ication, and policy/procedural guidance. 
Accordingly, each State is strongly urged to: 

Adopt the NBS/NHTSA model radar speed measuring device performance 
specifications and require police agencies to purchase devices 
meeting those specifications. 

0 Develop policy guidelines to ensure that radar speed measuring 
devices receive proper care and upkeep and establish clear procedures 
for programmed maintenance, testing, and calibration. 

0 • Ensure that adequate maintenance and calibration record systems 
(suitable for introduction as evidence in court) are developed 
and maintained by each agency using radar speed measuring devices. 

0 

0 

Adopt the NHTSA radar operator training program or its equivalent 
as the statewAde minimum training standard. 

Develop a comprehensive state-level radar operator certif ication 
program and provide for periodic recertification (every 1-3 years). 

0 Develop police radar workshops and seminars for t raf f ic  adjudication 
personnel. 

Establish State-level policy/procedural guidelines to ensure proper 
use of police t raf f ic  radar in meeting t raf f ic  safety and energy 
conservation goals and objectives. 

Implementation of these measures should result in significantly improved 
and more uniform radar speed enforcement programs both within the individual 
States and nationwide. Their implementation is necessary to establish a 
sound legal foundation for radar speed evidence and to restore public and 
judicial confidence in radar enforcement programs. 
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Introduction 
.. 

After thorough review of comments received in response to the proposed rulemaking 
for performance standards for.radar speedmeasuring devices (see 46 FR 2097-2120), 
the Agency has decided to terminate the rulemaking process. The benefits 
of the proposed rule can be achieved without the issuance of a Federal regulation. 
Therefore, NHTSA is releasing the results of i ts technical research on radar 
to the public in the form of these model performance specifications found 
in Chapter 3 of this report. The States and local jurisdictions are free 
to adopt these specifications, i f  they choose.* 

Back9round 

For almost 30 years radar has been accepted by the courts and public as a 
reliable tool for measuring vehicular speed. Itsuse to enforce t ra f f ic  
laws has saved countless lives by deterring motorists from driving at excessive, 
unsafe speeds. Its continued use and acceptance are vital to improve t ra f f i c  
safety and to conserve energy. I t  is, therefore, essential that radar devices 
be accurate. 

Until this time, there have been no industry-wide performance standards for 
police t ra f f i c  radar devices. State administrators and purchasing agents 
have had no definit ive guidelines on which tO base their purchasing decisions. 
Recognizing these limitations, IACP passed a resolution, in 1976 to seek support 
from NHTSA for the development of "health,.safety and performance, standards 
for speed measuring devices, testing of the devices, and publication of tests 
results." 

As a result of the IACP resolution, NHTSA initiated efforts in 1977 to develop 
performance standards for speed measuring radar devices to meet the needs 
of the police. NHTSA called upon the expertise of NBS to determine the most 
desirable and useful features of radar devices. NBS tests formed the basis 
for the performance standard proposed by the Agency in a notice issued in 
the Federal Register on December 31, 1980,.(46 FR 2097). 

The model performance specifications presented in Chapter 3 of this report 
take into account the Agency's review of the comments submitted in response 
to the proposed rule. Comments were received from six individuals, nine 
State or local police.or t ra f f ic  safety departments, three manufacturers, 
and one university, All.comments are available for review or.reproduction 
in Docket No..81-01, Room 5108 400 Seventh Street, S.W., Washington D.C . 
20590. ' " ' " 

T .,, 

Three commenters expressed' their  concern over the p o s s i b i l i t y  that the issuance 
of the standard would t r i gger  challenges in  the courts of pre-s~andard radar 
devices. An examination of the impl icat ions of such challenges led NHTSA 
to conclude that i t  has a duty to c l a r i f y  i t s  posi t ion regarding ex is t ing 
radar devices. 

*Appendix B contains a model Request for Proposals (RFP) which State and 
local jurisdications may consider when procuring radar speed measuring devices. 
NHTSA is most grateful to the Michigan State Radar Commission for providing 
us with this model RFP, which we endorse. Of course, individual jurisdictions 
may need to modify this document to meet their own requirements. 
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The issuance of these model specifications should not be used by courts to 
support challenges to existing devices. The specifications do not address 
such units and are not to be interpreted as a statement of disapproval of 
existing radar units. I t  is not the opinion of NHTSA that these units are 
obsolete, that they should be discarded before the end of their normal useful 
l i fe  or that citations based upon evidence derived from these devices w i l l  
be unenforceable in courts of law. On the contrary, recent tests conducted 
by NBS led that agency to conclude that existing radar devices render rel iable 
and valid results when properly installed and used. NHTSA, therefore, must 
dissuade any challenges to existing devices which are based upon the issuance 
of these model specifications. 

To complement these specifications, NHTSA has also developed and widely distributed 
a model oper•ator's training course for users of police t ra f f i c  radar. When 
adopted by State and local jurisdictions, this model training course should 
upgrade the quality of radar training that most police officers receive. 
The training program, coupled with the performance specifications, should 
ensure the continued re l i ab i l i t y  and accuracy of radar devices. 

The requirements set forth in the model specifications issued here represent 
those attributes and features of speed measuring devices considered most 
desirable by a wide'consensus of radar users, manufacturers, and courts. 
They a're not intended to preclude or inhibit  the development or introduction 
of new technology in the radar industry. As such advancements are made, 
the agency wi l l  incorporate them into the existing model specifications. 

A number of minor changes and clari f icat ions have been incorporated into 
these model specifications as a result of suggestions made by the com~nters 
to the proposed rule. The most significant objections to the proposed rule 
and the agency's responses are set forth below: 

Minimum range. The proposed rule contained a provision which would have 
required each radar device operating in the stationary mode to correctly 
measure and display the speed of a vehicle at a distance of 500 feet. Several 
commenters stated that the test was not rePeatable because the target description 
and environmental conditions were not suff ic ient ly specif ic. Some comnw~nters 
suggested defining the vehicle in terms of i ts cross section, while another 
indicated that the exact make, model, and year of the vehicle should be specified. 
NHTSA shares the commenters' concerns and has deleted this requirement from 
the model specifications. 

Radar horizontal Capture angle. The proposed rule would have required manu- 
facturers to specify the radar horizontal capture angle within 10 dB points 
and to scribe or otherwise mark that angle on the top surface or antenna 
of each radar device. After reconsideration of this issue, NHTSA has decided 
that scribing the capture angle onto the antenna would not increase target 
vehicle identif ication but could, in fact, mislead the operator in making 
such identifications by leading him to false conclusions about the beam coverage 
area. Operators must consider every approaching vehicle as a possible target 
whose speed could be displayed on the radar device, regardless of i ts position 
relative to the radar device. This requires the operator to consider al l  
target vehicles, including those Outside the normal parameters of the beam 
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coverage area. The scribing requirement has accordingly been deleted from 
the model specifications. 

In addition to the potential confusion to operators, the requirement of a 
radar capture angle label would also create several pragmatic problems. 
Some radar antennas are quite small and have curved surfaces which could 
distort the operator's perception of the size of the angle. Separately-mounted 
antennas are frequently mounted in positions which would prevent the operator 
from seeing the label while using the equipment, thus also causing a distorted 
view of the angle of total inabi l i ty  to use i t .  The agency agrees with the 
many individuals and organizations who commented that target identification 
should be a function of operator training and thus has deleted these model 
specifications. 

Antenna horizontal beam width. Considerable attention has been devoted.to. 
the propo'sed maximum beam widths of 18 degrees for type I and I I  (X-Band) 
radar and 15 ~ for type I l l  and IV (K-Band) radar devices. Suggestions range 
from unlimited beam width for stationary devices to 5 degrees for al l devices. 
NBS conducted extensive tests in order to establish beam width values that 
would result in reliable radar units. The 15 degrees maximum value for K- 
band (type I l l  and IV) devices was requested by the Intergovernmental Radio 
Advisory Commission and established by the Federal Communications Commission 
(FCC) for State and local .government use of these devices. For radar operating 
in X-band frequencies, the.testing showed that 18 0 maximum Width wi l l  provide 
satisfactory performance, Beam widths in excess of this value become susceptible 
to environmental interference, thus reducing radar effectiveness. Beam widths 
that are too narrow would result in bulkier, larger antennas, and would also 
make the development of a continuous target tracking history d i f f i cu l t .  
Therefore, the beam widths as set forth in the model specifications are the 
same as those in the proposed rule. 

Operational Tests. The model specifications suggest that each radar device 
not be susceptible to erroneous readings from test signals simulating normal 
exposure to CB and police radios, patrol vehicle ignitions, alternators, 
air-conditioners, .and heater fans. Electromagnetic interference tests are 
established to ensure compliance with theserequirements. To further ensure 
that devices are not prone to erroneous radiated energy signals, procedures 
are established for testing thedevices against interference from,CB and 
police radios and adjacent vehicle radios in an actual operating environment. 
The proposed rulewould have al.so required operational f ie ld tests to be 
conducted for interference from vehicle ignitions, alternators, air-conditioners, 
and~heater-,fans. After thoroughly examining the comments, the agency feels 
.that these latter ~equirementsare adequately addressed, in the laboratory . . . .  
tests and has,. therefore, omitted them from the model specifications. 

Whilesome commenters .suggesteddeleting all the operational tests because 
the conditions in a f i e l d  environmentare necessarily more variable than 
those in a labortory environment, the agency believes that the remaining 
f ield tests cannot be simulated in the labortory using existing techniques 
and that they provide essential data on the performance characteristics of 
radar devices. -In order to minimize the effect of extraneous variables in 
the f ie ld environment,the agency wi l l  insist that testing laboratories use 
the same make and model vehicle f o r a l l  f ield tests. 
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Speed Accuracy. One commenter suggested that the Speed accuracy test should 
be coaducted using a Fifth wheel instead of a stopwatch. Such a change would 
provide accurate speed readings for the target and patrol vehicles and eliminate 
the necessity for a significant number of test runs on a measured course. 
However, after reviewing the requirements necessary for a f i f t h  wheel, the 
agency has concluded that the cost of conducting tests using two f i f t h  wheels 
greatly outweighs the benefits to be gained, and has therefore decided to 
retain the'stopwatch provisions. 

Auto Lock. The elimination of the automatic self-lock capability represents 
one of th-e most significant features of the model specifications. The inclusion 
of the automatic lock would have allowed the radar device to automatically 
lock onto a vehicle traveling beyond a present threshold speed, thus making 
i t  harder for the operator to identify the target being tracked. The auto 
lock feature of the radar unit occasionally locks onto a vehicle other than 
the one actually being tracked. By using aradar device without this feature, 
a skilled and knowledgeable operator can develop a vehicle's tracking history 
and thereby avoid vir tual ly all of the alleged anomolous readings ascribed 
to radar operation. Th e elimination of this feature is consistent with the 

NHTSA training program which emphasizes, that the tracking history is an essential 
part of radar operation, ensuring proper target vehicle identif ication. 

Audio Alarm.. The model specifications suggest omission of audio alarm features 
which emit an audio signalto alert the operator when a specific speed threshold 
has been exceeded by a.target vehicle. Like the automatic self-lock, the 
inclusion of this feature can tempt the operator to be careless in his efforts 
to obtain a proper target history, relying instead on the alarm. In addition, 
i t  sometimes disrupts the audio tracking capability of the operator. 

Audio Doppler. The model specifications suggest that all devices be equipped 
with an audio doppler feature, which correlates the speed of the target vehicle 
with a sound emitted by the radar device and identifies any ambient interference 
that may be present. I t  warns the operator when there is an excessive amount 
of electromagnetic interference,making use of the equipment inappropriate 
for tracking vehicle speeds. I t  also helps the operator determine when t ra f f i c  
is too dense to identify individual targets. The agency regards this feature 

as highly desirable in obtaining a proper tracking history. 

Patrol Speed :Window--M0vin 9 Radar. Some commenters objected to the inclusion 
of a window to display patrol speed on moving radar on the grounds that the 
patrol speed could, be read directly from the speedometer. I t  is the opinion 
of NHTSA that all moving radar oPeration should be conducted with devices 
that have a patrol speedwindow which allows the operator to compare the 
speed displayed on the radar devices with that registered on the vehicle 
speedometer. This is the best way to properly identify and counter some 
of the erroneous readings that can be attributed to moving radar operation. 

Test Equipment. Specific suggestions were received from one con~nenter regarding 
the selection of some the equipment to be used in the conduct of laboratory 
procedures for testing. Of specific importance are the comments received 
with respect to the single-side-band modulator, the pulse generator, and 
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the AM signal generator. The proposed equipment was selected after a s ign i f i -  
cant amount of testing by NBS laboratories. After careful consideration 
of the suggestions and review of the NBS testing, we have decided to retain 
the equipment specified in the proposed rule for the following reasons: 

o Single-side-band modulator (sSB). I t  was suggested that a double- 
side-band modulator be used in lieu of the SSB because i t  is less 
expensive and produces more accurate results. NBS test experience 
shows that the SSB provides a clearer signal, generates less noise, 
and provides more accurate and repeatable results. While the SSB 
is more expensive, that increase wi l l  be approximately f ive percent, 
an amount not excessive when compared to the benefits to be gained. 

o Pulse generator. I t  was suggested that the required 20 volt peak- 
.... to-Peak (20 v p-p) pulse generator is not necessary and that a 

10 v p-p generator would be sufficient. However, actual test experience 
ut i l iz ing a pulse generator with an output of 10 V p-p did not 
providethe desired results. 

o AM signal generator. Another commenter expressed his opinion that 
the AM signal generator in the proposed rule was over-specified, 
suggesting that the 99 percent modulation should be reducedto 
90 percent. A survey of CB radios shows that there are a significant 
number that exceed the 40 to 70 percent modulation range. Therefore, 
i t  is our belief that the higher modulation is essential in order 
to include the widest range CB radios in the marketplace. 

Manufacturer Provided Information. A number of comments were received concerning 
the adequacy of manufacturer provided information. Only minor changes have 
been made in that section of the model specifications. Manufacturers are 
strongly encouraged to provide thorough instructions as to the proper installation 
and use of their devices. These instructions wi l l  be used in conducting 
operational tests. Inadequate instructions may reduce the c lar i ty  of procedures 
that wi l l  be used when testing,the devices. This situation can be ameliorated 
by showing to the courts and the public that radar operators received proper 
training andinstructions in the installation and use of radar devices. 

As a final note to those commenters who expressed concern that a reference 
to conformity with FCC regulations does not appear in the proposed rule, 
NHTSA wants to emphasize that the issuance of these model specifications 
does not confl ict with any requirements established by the FCC or any other 
regulatory body. All applicable regulations must be complied with. I t  is 
the responsibility of each manufacturer to be awareof those requirements 
that his units must meet. NHTSA wi l l  assist those manufacturers who need 
guidance in this area, but does not consider these model specifications to 
be the appropriate place to cite those requirements. 

The agency s t i l l  intends to be responsive to the 1976 resolution regarding 
police t ra f f ic  radar issued by IACP. Therefore, we have authorized IACP 
to adopt these model specifications for radar devices. We expect them to 
provide their constituents with the best available guidance on police t raf f ic  
radar devices. The results of this work should fo r t i f y  their efforts to 
assist ~the police in retaining these devices as effective law enforcement 

"L 
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tools, While allowing NHTSA.to meetits obligations to provide technical 
assistance to the traffic law enforcement community. IACP's efforts will 
involve both (I)  oversight of the research/testing program, in collaboration 
with the NBS and NHTSA; and (2) publication/dissemination of the results 
of the testir~g to all interested parties. 

NHTSA st i l l  believes a research/testing program is an integral part of the 
assessment oF radar devices. The purpose o f th is  testing Program will be 
to provide IACP and.the police withdefinit ive test data on how the radar 
devices on the market perform when Compared tothe model specifications. 
Oversight of the testing program will be a cooperativeeffort involving NBS, 
IACP, and NHTSA. We anticipate that IACP will~publish the findings from 
these test data in their Technology Assessment Program series, which is widely 
distributed within the traffic law enforcement community. 

• , . . .  

i 

. i  
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CHAPTER 3 

MODEL PERFORI~NCE SPECIFICATIONS 
FOR POLICE TRAFFIC RADAR DEVICES* 

• " , .  

*These specifications were prepared by the Law Enforcement Standards Laboratory 
(LESL) of the National Bureau of Standards under the direction of Marshal 
J. Ireado, Manager, Communications Systems Program and Lawrence K. Eliason, 
Chief of LESL. John Wakefield provided the laboratory support required for 
this effort. The project was completed under Interagency Agreement No. DOT- 
HS-7-01697 with the National Highway Traffic Safety Administration. 
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:IODEL PERFORHANCE SPECIFICATIONS 
FOR SPEED HEASURING RADAR DEV[.CES 

' . :  ' - Subpart A--General 

Sectzon 

1221.1 
1221.2 
1221.3 
[221.4 

i221.Ii 
1221.12 
1221.13 
1221.[4 
1221.15 

1221.16 

1221.17 
1221.18 
1221.19 
1221.20 
1221.21 
1221.22 

1221.23 

1221.24 

C o n d i t i o n s . - :  " . , . :  . . : : :  ~ -  : 

1221.3i Cond it Ions. 

Equipment 

Scope. 
Purpose. 
Applicat ions. 
Definitions. ~ - 

Subpar t B--Requirements 

Hanufacturer provided equipment. 
rlanufacturer provided information. 
Labeling requirements. 
Tuning fork calibration requirement. 
Radar device tuning fork 
requ ir emen t. 
[licrowave transmiss Ion 
requirements. ' ~  . -  .. 

Environmental requirements. 
Low supply voltage requirement. 
Doppler audio requirements. 
Power surge requirements. 
Speed.display require,nents. 
Electromagnetic interference 
suscep£ibility requirements. 
Radar device operational test 
requirements. 
:;peed accuracy. 

:. Subpart C--Test Procedures 

I221.41 Equipment. 
[22[.42 Aud iofrequency synthesizer. 
1221.43 tlicrophone • , .  

1221.44 Unv ironmental chamber. 
12iI.45 Anechoic chamber. 
122[.46 ~licrowave frequency counter. 
1221.47 Field zntensity meter. 
[221.48 Isotropic probe. 
1221.49 Photometer • 
1221 .50 Simulator test range. 
[221.51 Line impedance stabilization 

network (I,LSH). 
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1221.52 
1221.53 
1221.54 
1221.55 1 
1221.56 
1221.57 
L22[ .58 
122L.59 
[221.60 
1221.61 

..' •- i 

Pulse g e n e r a t o r .  
s a w t o o t h ,  w a v e  g e n e r a t o r . :  .,... 

F.q Signal generator. 
AM signal generator. 
Power m,." ter. 
Stopwatch. 
Oscilloscope.. 
Vibration tester. 
:~I ide whistle. 
The r moco uple. 

Pr oced ure s 

1221.71 
1221.72 
1221.73 
122L .74 
1221.75 
1221.76 
1221.77 
1221.78 
1221.79 
122i .8(] 
1221.81 
1221.82 

Tuning fork calibration test. 
Radar device tuning fork ~ test. 
Microwave transmission tests. 
Environmental tests. 
bow supuly voltage test. 
Droppler audio tests. 
;;peed monitor alert test. 
Power" surge test. 
Speed display tests. 
Flectromagnetic interference tests. 
Radar device operational tests. 
S|)eed accuracy test. 

'Fable [--tiinimu~u.p;:rformance r,_~quirements for 
s[~ed measurinq radar devices. 

Subpar t A--General 

L22L .L  i;coI~ ~.. 

• , 9 o  . " 

Thl~ part estaL)iiSl~es performance ~equlrements and test 

m,:t||o,'|s for speed m,.,asuring radar devic,~s used by law enforceme;]t 

agencies to ,.~,]forc~ v(:hicle s~,ce,} :ce,julations 

.~ [22[.2 puri~)se. 

The |,,Jcpose o[ this |,art is to specify porformance standards 

for r a d a r  (|.-'vices. 

.4 [22[.3 Appli,'ation. 

ThlS [,art appli,:s t,~ sp,.,e.l measuring t'a.i~Jr d,:vices tilat 

tr~n'~init !ni cFo~:Jv,: ~:.,!ergv , i,onit,)r tl,e re£[ect,_.cl signal from 

.~ovL,l , vehlcL,::; %;ithln the ,!]icro~;av,., b~am, [,rocus:~ tile 
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doppler shift of the reflecter] signal to display the s[~,:d 

of the vehicle that is being tracked, and if appropriate, the 

speed of ~the patrol vehicle. It does not apply to speed 

measuring radar devices that utilize iow power, short range, 

across-the-road technology. 

§ 1221.4 Definitions. 

• As used.in this par.t: " 

"Accuracy" when used in conjunction with radar device 

means the degree to which the radar device measures and dis- 

i 

plays the correct speed of a traget vehicle that it is tracking. 

"Ambient Interference" means the conducted and/or radiated 

electromagnetic interference and/or mechanical motion inter- 

ference at a specific test location and a time which would be 

detriaental to proper radar performance. 

"Antenna horizontal beam width" means the total included 
/ 

a c u t e  a n , ] ! e  ., i n  t h e  h o r i z o n t a l  . p l . a n e ,  o f  t h e  main: l o b e  b e t w e e n  

the half-power points of~the radar antenna far-field radiation 

pattern, where the half-power points are measured /relative 

to the maxlmum power at the center ofthe beam and on a radius 

equidistant from the •face of the antenna. 

"Audio doppler" means an audible signal £ro~:~ a radar 

device that is .generate(] by driving a loudspeaker with the 

doppler shift beat frequency or with the doppler shift beat 

frequency which is divided by a fixed factor, provided that 
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~he audio sound corresponds directly with changes in speed 

of a target vehicle and any ambient interference present is 

discernible. 

"Automatic lock" means 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 

vehicle speed exceeds some preset value, and preserve tllat 

speed ~ displayed until manually reset by the operator. 

"Closing speed" means the speed at which an identified 

radar target is moving relative to the radar device (whether 

the radar device is moving or:not) when measured on a straight 
i 

line (radius) from the radar to the target. 

"Cosine angle effect" means the effect due to the target 

not travelling directly toward the radar device, which lowers 

the doppler • shift frequency in proportion to the cosine of 

the angle between the direction of travel of the radar target 

and a line from the radar device to the target. 

"Display" means a~visual readout device. 

"Doppler shift" means the magnitude of the frequency change 

of the radar return signal received when the source and the 

radar reflecting ~target are in motion relative to one another. 

"Erroneous reading" means an incorrect target speed dis- ;... • 

Played• by the radar device, one that is not due to a target 

vehicle or which is not within the required accuracy tolerance 

of the speed of a target Vehicle, excluding known correction 

factors such.as the cosi{~e angle effect. 
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"l.'ar-fiel,~ reqion, means that region beyon(] tht. close 

proximity of a transmitting antenna d~flned by. the relationshID 

R > 2d 2 

• 

where ,| is the horn diameter and ~ is the waw.,lengtll of tl]e 

transmitte~] frequency, in conszstunt units. 

"internal circuit test" ineans a .test function (~hether 

manually or automatical.ly initlate~]) that vt, rifies that all " 

radar device internal signal processlng circuitry, except 

for the microwave transmi.tter and receiver, is working 

correctly,,i.e., all target and patrol vehic[,_, signals will 

be properly processe:| ancl displayed. 

"Just acquired ~|istant target" means a targut just within 

the ra,|ar range of a ra~]ar ~]evice which was oL'iginally beyond 

the range and no~ L~rOvlcles a disDlay signal of target s[~aed. 

"K-Ban~1 radar" means a s~ued measuring ra,.I~c device 

deslgne~| to operate in the 24,050 to 24,250 IIIIz frequency band. 

"Low voltac]e indicator" means a ra,.|ar c]~vice com[~onent 

which alerts the opec.at or to the •fact that a low sup~,ly volt.J.|,~ 

con~li t ion exists. 

"Luminance" means the photometric briqhtness or the lumin- 

ous intensity of any surface in a giver, direction p e r  unit of 

projucted area o6 the surface as viewed from that direction. 

"Suminance contrast" means the relationship betweeu the 

luminance O r  an. object and the luminance of its own backgroun~l. 
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"Microwave output, power" means that part of the total 

power produced by the microwave •generator in the radar device. 

"Movi~,g mode" means the capability of a radar device to 

measure and display the speed of a target vehicle ~ while the 

radar ,]evice is moving With respect £o the surrounding 

terrain. 

"Uear-fieid region" means that region in close proximity 

to the transmittlng antenna that is not ihciL/ded in the region ' 

defined as "far-field region." 

"IJominal value" means the numerical value of a device 

characteristic as specified by the manufacturer. • 

"Patrol channel" means that portion of the radar circuitry 

of a ca, lar device that processes and calculates the speed Of 

a patrol vehicle When the radar device is operating in the ' 

moving mode. 

"Patrol speed~' means the speed at which the patrol vehicle 

is moving with respect to the surrounding terrain. 

"Polacizatlon" means that property of a radiated electro- 

r,~aqnetic wave describing the time-varying direction and magni- 

tude o~ the electric field vector. 

"Power densitY" means power density pe_r unit area or 

energydensity fluxper unit area. 
t 

"Side lobes" means radar beams from the antenna which are 

not part o£ tl,e primary beam, but which may appear as shoulders 

on the primary beam. " .  

• . • • . , 
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",C~peed dispLay transfer" means the ca[~ability of 

transferring the speud reading from the patrol • speed display~ 

window to the target si~eed disc, lay window. 

"Speed lock switch" means a radar control that causes 

speed on ,lisplay as target speed and patrol spee~ to be 

retained on display until reset. 

"Speed monitor alert "• means a function that alerts the 

operator when a target speed signal is received that is equal 

to or above some preselected threshold speed. 

"Squelch" means the capacity of a radar to inhibit the 

doppter audio sound when the radar is in oper.~tion. 

"Standby mode" means a function of a radar device that 

allows the operator to inhibit power to the microwave oscillator 

circuit. 

"Stationary mode" means the capability of a radar device 

tO operate from a fixed location and disL~lay the speed of .a 

target Vehi:icle. within the required accuracy,tolerance. 
7 

"Targ'e't channel" means the portion of the radar circuitry 

that processes the closing speed signal, calculates and 

displays the speed of a radar target. 

"Target speed" means the speed at which the target vehicle 

is moving with respect to the surrounding terrain. 

"Target vehicle" means the vehicl~ identified as producing 

a given dOpL,ler radar signal that is processed and displayed 

by the radar device as the tar,jet speed. 
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"Track-Through-Lock" means the feature of a radar 

device whereby the unit continues to measure, process and 

accomplish audio doi,p[er tracking and in some cases, r,.,al 

time speed d lsplay to the target, after the speed lock 
i 

switch l~as been actuated to the lock condition. " 

"Tuning. fork" means a in~cilanical sel[-reasonant d~:vice, 

which when excited, produces free oscillations that .~ay 

be .used to generate a. pseudo doppler frequency .reference when 

placed in tile radar antenna beam. 

' "Type I radar device", means a radar devzce that transmits 

,nicrowave energy in the I0,500 to 10,550 Mllz frequency band 

(in the X-band.) and operates only in the stationary mode. 

"Type. II radar device" m~.ans a radar device tl,at transmits 

m!crowav~ energy in the 10,500 to I~,550 MHz frequency band.• 

(in the X-band)-and operates in both the stationary and moving 

modes. 

• "Type II[ radar device" means ia radar device that, transmits 

microwave e n e r g y  in  t h e  . 2 .4 ,050  t o  2 4 , 2 5 0  MilZ f r e q u e n c y  b a n d  

(in the It-band) and operates.only in the. stationary mode., 
/. " 

"Type IV radar device" means a radar device, that transmits 

microwave energy i~i tne.24,050 to 24,250 Mllz frequency band... 

{in. the. K-band) and operates .in. both the stationary and moving 

modes. 

"X-Band radar, means a speed measuring radar device 

designed t:O operate in the frequency band of tO,500 to 10#550 

Milz. 

• . ". 
/ 
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. :;ubpar t S--Requ iro~ne:its 

[ ~ [  . [ [  Manufacturer p~()vi,|cd uqui|)mcnt 

I.;ach ' l 'yp(:  I .and [ I I  l ' a , | a r  d e v i c , J . s h a l [  t ) , . : . a c c o m p a n i e d  . b y  a 

|nlnimum of one tuning fork and each Type I[ and IV radar device 

shall be accompanied by a !ninimu:n of two tuning ~ocks. 

.~ 1221.12 rlanu~acture~ provide(} i,ll!ormation. 

(a) Each radar device submitted ~or testing • in 

accordance with the provisions of these specifications Shall 

be accompanied by the following minlmum in~orlnation: 

(l) Complete instructions for installing the radar 

in o~ on the police patrol vehicle or. re,note f~om tile 

vehicle including any precautions necessary to minimize 

oF avoid i,~turEecencu from vehicle ignition, heater/air 

conditioner/defroster [)lowers or other potentially 

interfering components. .. 

(2) Complete operating instructions includin:j test 

pr. ocudur~:s, internal circuit test data, required maintenance, 

and any operating characteristics that are indicative of or 

symptos.~atic of pos~,ihle: malfunction of. the radar. 

(3) l]omina[ power supply voltage and currents (with 

and without displays illuminated; with and without tacg,.~t 

present, and in standby mode if appropriate). 

(4) The J~icrowave frequency ban~{ of operation. 

(5) The nominal value of microwave output power 

(in roW) as measured by a microwave power meter connecte(i to 

the microwave oscillator. 
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(6) b0west and highest supply vo].tage level at which 

the radar is designed to operate, the low voltage alert threshold 

value and display bet~avior. 

(7) ' Maxiinum microwave power d,:nsity (mw/cm 2') 'measured in 

a plane 2 in (5'cn%) distant from the front of the antenna. 

(8) ~" Antenna horizonta:l' beam 'width in degrees.' 

(9) Type of antenna polarization, i.e.,' linear o.r cir- 

cular and orientation. ' 

(I0) Minimum and maximum operating speed of the radar 

device [target (Types I and III); tar!jet and patrol (Types II 

.~nd I V ) }  . 

(II) The highest and lowest temperature at which the 

unit is deslgned to operate. 

(12) The highest temperature and humidity combination 

at ~ahich the radar device is designed to operate. 

(hi Each tuning fork shall be accompanied by a call- 

b~ation certiEicate including as a minimum the serial number 
.k 

of t h e ' t u n i n g  f o r k , . t h e  nominal des ign  speed,  a . f r equency .  

calzbratlon at 70°~: (21°C), the microwave Erequency band 

for which it is to be used (X or K), the calibrated Frequency 

and associated radar speei] in mph or kin/h, an(] any correction 

factor that must be applied to the 70 ° F(2i°c) calibration 
. • . . , 

speed when used at another tempe.rature. 

-~ 1221.13 Labellin;] requirements 

(a) Tuning Fork. The manuf.r;ctur. 6r shall permaq,:ntly 

mark each tuning fork with a s~:rial number, the radar fre(juency 
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band that it is to l~u used with (X oK ,(), and a nominal 

stationary mode radar speed specification including units 
• • , ,.. , 

(mpll or km/l l ) ,  

(b) Control Functions. The control panel of the radar 

device shall be permanently marked with the functions an4 

settings oE all switches, controls and displays. It shall 

not be possible to set the controls to a functional model o~ 

operation that is not marked or identifie,l on the control 

panel of the radar device. 

1221.14 Tuning fork Calibration requirements. 

When tested in accordance with ~ [221.7t, the Erequuncy 

of vibration of each tuning fork shall be within + 1/2 % of 

that specified by the manufacturer (.~ 122[.[2(b)) in the cer- 

tificate of calibration £or that tuning fork. 

.~ L22L.15 }',adar. d~:vic,: tuning fork r,_,quire,nent. 

[::ach ca,Jar device when tester) in accordance with .~ 122|.7"Z 
i 

shall me6t tile followin:j tuning [ock requirements, as appropri.lte. 

(,~) All Radar Devices. Each radar device, when })lace(i 

in the stationary inod,:, shall respond to the signal .from the 

tuning fork withln + I mph (+ 1.6 kin/h). 

(b) %'ype I_l_.and IV Radar Devices (Approaching tlode). ;:ach 

type I[ and ty[,._, IV radar d;~vice, when set into the ai~[)coach£n.j, 

moving lao,le, shall sirlu[t'~n,:ously rcsl,ond to the signal~ 

LFom t~,) vi|)catln,j t:,~nin] forks of ~liffer,:rlt [r,:qur:,,ci,:s, and 

slla[[ ,lis[~l.ly th,. ,:alil~r;itlon s|~,;,:~l d,:Sl,],lat~2,1 [,).c th,: [ow,:r 
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freq~iency tunfn;9 fork as the patrol vehicle speed, and the 

difference between the calibration speed designated for the 

higher frequency turning fork and that of the lower freqLiency 

tuning fork as the target vehicle speed; both displayed 

speeds shall be within +_ 1 mph (+1.6 kin/h) of the cQcrect 

values. 

(c)  Type ! I  and IV Rada r Devices (Following__Mode). 

Each type II and.type IV radardevice,..when placed into • the 

following, moving mode (if-such capability is provide d by 

the unit) shall resL~ond to the signals from two vibrating 

tuning.forks• of different frequencies, and shall display the 

calibration speed designated to the higher frequency tuning !: 
• i 

i i 

fork as the patrol vehicle speed, ~ and. the• sum of the calibra- 

tion speed designated for. the higher frequency • tuning fork ' 

and that of the lower frequency tuning' fork as the target 

vehicle speed; both dispiayed~speeds shall be within +, 1 mph: 

(+ 1.6 )~m/h) of the correct values. 

§ 1221.6 Microwave transmissio,, require,aents. 

The microwave characteristics of transmission ~frequency 

and  t biiity. inp, t current stabiiity, radiated 

OUtl, ut power Stabiiiity; antenna horizontal beam width, and 

antenna ,lear-field po~er density sha].l be ,neastlred in 

accordance with § 122[ 7:3 and Shall meet the foilowing 

re, l,i~ re,lent : • 

•Z~- 
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(a) Translnission Fru~]uency ,_~n_d_ F__r_~,quency :~tabili£y. 

When operated at t!~e sta]dacd supply voltagu, the transmission 

frequency shall be withir, the assigned frequency band of [0,500 

to 10,550 HHz for types I and Ill radar devices and 24.,050 to 

24,250 HIlz for tyi~s [II an,] IV radar devices. The transmission 

frequency shall remain within the assigned frequency bands 

when the input Voltage is varied to + 20% of the nominal supply 

voltage or the low voltage value, whichever is lower. 

(b) ~ Input Current Stability. When thu standard Sup|>ly 

voltage is varied _+ 20%, the input current shall not vary 

more than I0~ from its nominal value, with no variation in 

the numerical figure displayed on the tacget speed display. 

(c) Radiated Output Power Stabillt~. The microwave 

• carrier output power . shall not vary by more than + 1.5 dB 

fro,, the nominal value when the standard supply voltage 

is var iu,l + 20%. 

(d) Antenna llorizontal Beam Width. The total included 

angle b4tween the -3 d8 power points of the main lobe of 

the microwave beam, relative to the maxi:num power at the 

center of the beam, shall not exceed I~ ° for type I and II 

and 15 ° for ty;~ Ill and IV radar devices. 

(e) Antenna I Jear-Fleld Power Denisty. Th maximum 

antenna neat-field power density of each radar device shall 

not exceed that specified by the manufacturer (.~ 1221.12(a)(7)). 

"!g- 
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[22[. [7 ~i:,iviro,~imJntal r,'quLr..:,,,:qts. 

" : U h b  n~i[Ity Of th,: L: ,1 ,~ar .  :Ih.v!ce to o[~.r.atv in environmental 

cxtt',.,m.:~ ' . ; h 1 1  [ b,?. dct,:.rmiqod using the al)l,ropri.~t,, t,,st m~,thods 

d,:sc~-il,c,i in .~ i12[.74 ai,.i eacl, radar devzce shall' meet' th,_. 

f o [ . i O w l  n " ;  r , : ,  l u  L r , c  ;n._, ,~ t . ~  : " " .....' . 

(a) Operational Temp____erature Sta~l_llty. When tdstc~l in 

accordauce With ~ [21[.74(a), fo[lowin-~ exposure to ;~ tem~_,r.a- 

ture el-22°Y ~(-30°C)or the, lowest: temperature at.which the 

manufacturer, states that tl]e radar devices will o[)erate pro- 

perly (~ 12~i.[2(a)[II)), whichever is lower, and following 

exposure to a temper attire of 140°Y (600C) or the highest tern- 

i>ecature at which the ,qanufacturer stat~s that the d,.~vice will 

operate [,rup,~rly (.~ [22[.12(a)(I[)), whichever, is higher, each 

radar, device shall continue to meet the requirements oE 

[22.[.[5 an,l .~ i221.16(a), throujh ~ 1211.16(c). 

(i)) Operational llumidit_~ Stability. When tested in 

accordanCe.with § 1221.74(b) Eollo~ing exposure-to 90% 

celative"humidity at 99°F (37oC) for a minimum of 8 hours 

each radar device shall continue to meet the requirements of 

1221.15 and ~ 1221.16(a)through ~ 1221.16(C). 

(c) Vibration .'~tabilit~. He fixed part of the radar 

~evzce shall come loose, nor movable part be shifted in posi- 

tio,1 ,.)c adjustment, as a result of the test conductedl . in ~ 

accordance with .~ 122[.74(c). During the last 5 minutes of 

the te~t in.any one dtr~.ction, th~ t radar device shall r.eslx)nd 

to the tuning foFk signal and shall display the designated 

tuning fo~k speed within + 2 mph (+ 3 kin/h). 

- ~0- 
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[ 2 ~ [ .  l~J l,ow s u p t , l y  v o l t a g e :  r . . , - , tu~r , :mt ,nt  . 

I;acl~ ra ,  l d r  (.tuvlc,:: s h r i l l  h,Jw: a ] o w  v o l t a g e  i n d i c a t o r  

c a l ) a l ) i e  oI: i ) e i l l g  s { :en a n d / o r  ll,.,,]i ',l by  t h u . u p , : r a t o r .  Wh,::n 

test,:.l In accor,lance with .~ [22[.75, the low voltage indicatoc 

shall ol;,~,rat,~ if the supl~ly re[tag,, is recluce(J to 10.[~ V or 

the lowest. Voltage at which th,: ra, lar ,levite is (Jesigne,:] to 

el,crate, whichever is lower. When tile supply voltage is 

re,lure,| to the low voltage alarm value, the radar shall not 

disl~lay any err,)n,:ous r,:adings ~h,-n sub3ecte(l to th,_. [unin,l 

fork test (~ [22[.72). A blank display is not considered an 

erroneous readi,i.j. 

[22[. [9 l)o|)[)ler audio requirements. 

Th,: doppler audio output cha~:acteristics of audio outpu~ 

an,] volume control, audio squulch and squelch override an~l 

du,lio track-throu:jh-lock and si~.'e,J monitor alert shall l)u 

t,::ste~l in;accoc,]anc~ with .~ 1"21.76 and eacl, ra,]ar device 

shall ,,oct the tollowinj requiremu:,ts: 

('~) A_u_dAo.oUt_~!uk. an_d_.Volume control. The radar device 

shall e,nit a ,lopp|ur audio to,,,: that is correlated with th,: 

~:eceived do|)D[ef signal and any inter.~,_~rence []resent, and 

it shall have an au, lio volume a,~.j,Jstj~1,:nt control. 

(b) Audio Squelch and .~que[cll Override. When tile radar 

device is opurated, the au(lio ,iop[;[er tone sha[[ b,- squelched 

as long as no target s p,~ed Slql]a[ iS being processed. When 

a ta.r,j,:t si)(:e,1 siqnai is |.resent, the, doppl,:r audio signa[ 



shall be |,resent in the audio output. The radar deViCe shall 

permit the operat()r t:) inhibit the squelch actioq to kee l ) 

the recoiv,:r ol?en. 

( c )  A.u_!li._o_ ' r r a c k - q ' l J r o u , ] h - l , o c k .  For thos , ,  r a , l a r  : l e v i c e s  

will1 a t r a c k - t h r o u g . h - l o c k  [ e a t u r e ,  the  d o p p l e r  a u d i o  tone  s h a l l  

c o n t i n u e  to  f o l l o w  t h e  ~,--cuive,t d o p p l e r . s i g n a l  when the  Speed 
• . : . 

lock Switch is actlvaterl. 

• " ( d )  " :~__peed M o n i t o r - .  A l e r t . - -  . ,The r a d a r .  d e v i c e  s h a l l  n o t  " 

have a speed monitoring alert capabLlity. 

.~ JZ2l,/0 P~op,.,r surge requireme,lts. 

The i~ow,:r surge charactectstics exhibite,-.l ~hen turning 

the rarlac device £rom standl,y to on shall be teste,] in accoc(lance 

with ~ [22[.78. Switching the radar- device [rom standby to 

on shall not cause any erco,]eous sp(?ed readings with a target 

pr e se r]t. 

122[.21 :;peed •filsp[ay requirem,:nts. • 

The sl,eed rltsl,l,,y chacact,:cistics of ,lisl)lay ceadabi[ity, 

dis[)lay spce<] lock contco[, d:sp[ay clear function, internal 

circuit test function, speed tlisl,J.ay transfer., .signal proc(,:~:;in,] 

channel sonsltlvity, tarq,:t Channc:[ z[,:,.,,] displays, pahrol 

channel Speed {lisl,lays, an,] ,luxiiiacy disl,lays shall be 

test,:,] in acc,)r,lanc,.~ with ~ 122l.~9 and shall meet th,: 

followlll:| r,-'quiv,:l, ents: 

:(a) l)is_play .Pu_a_d_abilit!. The illu:ninatu,l segments 

u s e , ]  t o  i n d i c a t e  s | ) ' : e , ]  r ,~a( l i r~ , l~4  s h . , l l  t , a v e  a ,ntmL!nuln r l a y L i j t l t  

luminanct, contrast of 2.5 when compare,l ~sith th,.: (ILsi,lay 

/ 

~q 
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back,~roLinrl.. The c h a r a c t e r s  used t o  i n d i c a t ~  sp,.~,:cl shaL~ 

I . ;  at. ].,:,~,~t () .4 i f ,  ( I  cm) h i g h .  

(b) i)zsl~ia[ 5p,_'ud Lock ControL, [f provi(le(J, the 

spe.e,] loch switch shall DreServe the c]isplayec] target vehi- 

cle and Patrol • vehicle (tYlms [I and IV) s[Jeed readings. 

Such s}~eec] •lock switch shall require manual actuation by 

the radar operator and shall not be capable o£ automatic 

selflock. %Jhen the radar device has a track-through'lock 

capability, the speed dis[Jiayed after locking shall be 

the target speed an,] patrol speed (type II and IV only) 

readings that e~iste,] at the instant the s[~:ed lock s~itch 

was activated. The radar device shall not cecall a pre- 

vious s[~eccl readirlg when the speed locF. switch is activated. 

(c) Di__._ssp__l_a_~ Clear Function. The selection of a dif- 

Eerent mode of operation of the radar device sucil as o[£/on, 

lock/clear, or stationary/movin~ mode shall automatically 

clear tl~e radar device of all ,iisplayed reading s whetller 

the s.De.u,] lock switch is activated or not, unless tlle ra~]ar 

device retai'ns ,lisL)layed information indicatin.] tile mode 

usecl to acquire the locked-in target spee{i. It shall be 

p(:ciaissibLe to a,:com[~lish a test sequence without clea~ing 

Iocked-ln spq:ed ruaclings. 

(,]) Internal Circuit L.st Function. The radar r]evice 

shall h,lw., .~ .geLf t,:st function that, wh,~n actlvated, det::r- 

mines whether or r,ot znt,:rna[ sL,jnals will b~.. proc,:ssucl and 

,]isi, i.]y,:,] to within + [ reFilL (] .6 kin/h). Thu r ac].Jr (l,:vi,:,- 

sh.,lL display the corr,:ct r,:,i,lin](s) when pur[ormin,| the 



int,:rn,~l c[,-,-,~it t,:st l!unction and tt sha[[ F)~. zmpossihil,. 

[or th,. ,-.~,la,[ ,l,:vlc,. to luck in the spued cllsl~lays cause,.-! 

l>y ti~i.~ t,:Ht. 'l'h,::~,: r,-,-,lin~.js shall be c[,:nr(:(l when the: radac 

is switchc, l to ar~>t}~,~" mode of o[,uration. 'L'he internal 

cirucit "~,~-t switcl~ sh.~Li not be Lal)e[ed ,,ca1,, or ".Calil>rate" 

(,.') .s__peed D i s p l a y  ' l ' rans~e~-. In t he  moving mode . the 

r. adar d e v i e c  sllaLL not h,, Capable of t r ans l~e~r im l  the p a t r o l  

spee,i ccad in ; ' i  fro,n t h e . l > a t r o l  sE~.~ed d i s p l a y , t o  the targ~.,t 

speed, d i s t , [ a y .  

( f ) :~ignaLPr_ocessin'j Channel 

(L) :;tatlonary llo, h: Tar_~et - Channel .';ensitiv~ty. ilhen 

the ra, lar duvice is Ol)ecate(] in the stationary mode its 

si~;nat LJroc,:nsin,j chanm.:l s v n s i t i v i t y  s h a l l  ,v>t v a r y  more 

than L0 dB [o r .  tar , . l , : ts  t r a v e l i m l  a t  .sl~:eds o f  20 to  90 mph ~ 

(32 to  14,1 kin/h), nor mot,: th~,n 3 ~l~ to t  tac,j,,t.s t raveL in,j a t  

sl~,:,Is of 60 to gO ml,h (96 to [.14 .~:,n/ll). 

(2) Hovlng llodc q'ur.get Channel :;cn sltlVity.('i'Vl,a Ii an,-] 

L_V._(~nj_y_!.... lJh~,rl thu  r a d a r  , l e v i t e  ~s Ol)ucat+;+l in t he .mov ing  

mocle a t . 2 5  mph (4U k i n / h ) ,  it:~ .~ign.?l p c o c u s s i n g  c h a n n e l .  
- .  . , • , . " : . , . . • . . . • . . 

s e n s i t i V i t . y  sha [  [ not  v,Jry. lnore than 10 d13.: f o r  ta rg , - : ts . . .  

travelim ! .it .~i~:,:I-; "~t .40 tO 40 mph (64 to L44 kn/h), exco.i)t 

. t  th,: p. t 0i s"p.o, or mol t iP le  

oi! th,: [>at:'ol Sl},~,:rl. ,lll,,rl oprtrate, l at 5C] mph (80 km/h), its 

.cL,>si,l,] n-~,:,:,l su,lsltLvlt/ shall not vary more than 3 dB for 

tar,.l,~l;.~ t r } ~ v ~ [ i n , |  ,~t SI~r'~:'IS Ot c,() tO 90 inptl (g6 t o  [ 4 4  K in /h ) ,  

,:xc,~t: l,~r- tllo::,., t:ar,j,_~ts trav,.:/inq at the sam,.. • S[ice,i as the 

l~atr 'oI ~1  ) , . , , , t .  

- $~. 



(g) Tar__~t Channel Low and llign Speed Displays. 

(I) The target signal • pcocessor channel and target speed 

display shall [unction as specified in the test ~)rocedure at 

1221.79(g) at a speed of ~ 20 mph ~ (32 kin/h) or the lowest 

speed at which the manufacturer states that his device will 

opecat~ proPerly, Whichever is lower, when Operating in the 

stationary or moving mode. 

(2) The • target signal procssor channel and target speed 

display shall function as specified in the test procedure at 

§ !221.79(g) at a speed .• of 100 mph (160 kin/h) when operating 

in the stationary mode. While operating in the moving mode, 

type II and IV radar devices shall process closing speeds of 

at least 155 mph (248 kin/h) but type IV radars shall not process 

closing speeds of 210 mph (336 km/h) or greater. 

(h) Patrol Channel Speed Displays (Type II and IV Radar 

Devices). 

(I) Low and High SPeed Readings. 

(i) The patrol signal processor channel and patrol speed 

display ohall function as specified in the test Procedure at 

1221.79(n)(I) at speeds down to 20 mph (32 km/h) or tt~e 

lowest speed at which the manufacturer states that his unit 

will o[)erate properly (q 1221.12(a)(10)), whichever~ is lower, 

when operating in the moving mode. 

(i i) The patrol s Lgnal pcocessor channel and the patrol 

speed dlsplay shall 6unction as specified in the test l)roce- 

dur,., at ~ 1221.79(h)([) at a speed of 55 mph (88 km/h) or the 
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highest speed at which the manufacturer states that his unit 

will operate properly (g 1221.[2(a)(i0)), ~hichever is higher 

when op,:rating in the i,oving mode. 

(2) Patrol Vehicle Speed Changes. When tested in 

accordance with ~ 1221.79(h)(2) the patrol signal processor 

channel shall track the patrol car speed within + I mph 

(t.6 Kin/n) and ~naintain [>ro[m.~r radar perforl.qance while the 

patrol car changes speed at a rate• of 3 mph (4.8 kin/h) per: 

Se CO nd. 

(i) Auxilia_~ Displa~_s. Tf the radar device has 

auxlliary speed displays, the re(jL1ir,:ments specified for the 

targe t cha,lnel and patrol channel speed displays shall apply 

to the auxiliary displays. 

(I) If the radar device utilizes a printing device to 

pec~nanently record the speed display readings, this printed 

record shall show the ol~_~ratin,j status (stationary or moving 

mode), the retained patrol vehicle and target vehicle 

s~)eeds and the time of ,Jay and date at which the speed lock 

switch was ~activiated. , .  : 

: (2) If the radar device utilizes a separable, remote 

,nodule, this re,note ,nof]ule shall display; as a minimum, the 

retained target vehicle:~ speed. The remote module shall 

clear all displays when reconnected to the .radar device or 

whezl a display clear function occurs. 
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.~ 1221.22 Electromagnetic 10terference Susce[,tibiiity 

Requiremen£s. . . . . . .  " . . . . .  ' 

• ' .  . 

The s u s c e p t l . b i l i t y  o f  t h e  r a d a r  d e v i c e  t o  s i m u l a t e d  

electromagnetic interference from the vehicl,: alt,:rnator, 

vehicle ignition, air Conditioner~heater motor, windshield 

wiper motor and typical police an(] citizens band transceivers 

shall be tested in accordance.with ~ 1221.80. During these 

tests, a blank target Sl~.~ed d isL, lay shall not be considered 

an erroneous reading. Each radar device when tested in 

accordance with § 1221.80 shall ineet the following require- 

men ts : 

(a) Simulated Vehicle Alternator Interference.• When sub- 

]coted to a i0-20 /zAsec wide puls,: signal of i V peak-to-pe:ak 

amplitude (except for transition spikes) having a maximum 

rise time of 2 /~sec and a maximum fall time of~ 2 .6~sec 

(both excluding ring in.i) and having a ringing tlme no greater 

than 8 /i~secs, with a pulse repetition rate between 200 and 

I0,000 pulses [,e~ seond (pps), the radar device shall not 

display any erroneouslreadings. t 

(b) Simulated Vehicle Ignition, Air Conditioner/lleater 

Motor and Windshield wiper rioter Interference. [~hen subjected 

to a negative ramp sawtooth wave signal of I V peak-to-peak 

with a })ositive rise time of a maximum of two (csec over a 

frequency can..]e of 200 to I0,000 Hz, the radar device shall 

not dis[~lay any ,...rroneous cuadings. 

(c) Simulated Police. FM Transceiver Interference. When 

subjected to a I0 mW freq,,ency mo,]ulated (FM) radio frequency 
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• . . 

signal in each police radio frequency band, the radar device 

shall not display any erroneous speed readings. 

(d) Simulated Citizen Band (CB) AM Transceiver Inter- 

ference. When subjected to a 5 m%; amplitude modulated (AM) 

radio frequency in any of the CB channels specified in 

$ 1221.80(d), the radar device shall not display any erron- 

eous speed readings.  

§ 1221.23 Radar device operational test requirements. 

The operational test requirements of radio frequency 

transceiver interference and speed accuracy shall be tested 

in accordance with § 1221.81. During these tests, a blank 

target speed display shall not be considered an erroneous 

reading. 

ments: 

(a) 

Each radar device shall meet the following require- 

Police FM Transceiver Interference. The radar 

device shall not display any erroneous speed readings when a 

police F'I radio transceiver properly installed in the radar- 

equipped ~ Patrol vehicle is operated while the patrol vehicle 

is standi'ng still with the radar device in the stationary 

mode and tracking a just-acquired distant £arget traveiing at 

a speed O f 50 mph (80 k,,~/h). The radar device shall not;display 

any erroneous readings when a handheld police FM.transceiver 

with an integral antenna is operated inside the patrol 

vehicle under-similar circumstances. 

-]8- 



< 

(b) Citizens Band (CB) AM Transceiver Interference. The 

radar device shall not display any erroneous speed readings 

when a CB A;I transceiver properly installed in the radar equip|~d 

patrol vehicle is o|~rated while the patrol vehicle is . 

• standing• still with the radar device in the stationary mode 

and tracking a just-acquired distant target traveling at a 

speed of 50 mph (80 km/h). 

(c) Adjacent Vehicle Radiofrequency Interference. 

(I) The radar device shall not display any erroneous 

speed readings when a second vehicle with an operating police 

FM transceiver is (]riven within ]0 ft (3 m) of th,., stationary 

patrol vehicle while the radar device is operating and 

tracking a just-acquired distant target traveling at a s~_~ed 

of 50 mph (80 km/h). 

(2) The radar device shall not display any erroneous 

sL)ec,,| readings whei~ a second vehicle with an operating C[~ 

AM transceiver is driven within 1O ft (3 m) of the stationary 

radar patrol vehicle while the ra, lar device is operating and 

tracking a just-acquired distant target traveling at a s[~ed 

of 50 mph (8(] km/h). 

1221.24 .~;peed accuracy. 

When te.,~ted in accot'dance with paragraph ,~ 122[.82, each 

radar device shall display the cor. rect speed o6 a traget 

vehicle tcavelin,] at s[w_~e,ls of 20 to i00 mph (32 to 160 Kin/h) 

within + I mph (+ [.6 kin/I,) when operate,| iu the stationary 

rood,,. Typ~ II and IV ra,~ar devices shall display the correct 
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patrol vehicle speed and target vehicle speed of a radar 

target within +_. 2 mph (+ 3.2 kin/h) when operated in the moving 

rood e. 

Subpart C--Test Procedures. 

Cond it zons - 

1221.3[ Conditions. 

Allow all measuru,nent equipment to warm up until the system 
. . . . . . . . .  : ~ , .,, • , . , 

has achieved sufficient stability to Perform the measurement. 

Unless otherwise specified, •perform all measurements under 

standar, d test conditions, as follows: 

(a) S_~tandard Temperature. Standard ambient temperature 

shall be between 68OF (20oc)and 86°F (30oc). 

(b) Standard Relative Humidity. 

humldity-shall be between [0 and 85%. 

Standard relative 

(c), Standard Supply Voltage. In a nominal 12 V dc 

system, the standard supply voltage shall be •13.6 +.I V. A 

well ~iltered electronic power supply capable of a Voltage 

adjustment of _+ 20% should be used for laboratory testing and 

is recommended for other, tests in place of the battery for 

safety and convenience. The standard supply voltage shall 

be applied to the input terminals of the dc supply cables 

(i~cluding all connectors and circuit protectors) furnished 

by the manufacturer and adjusted to within 1% of the above 

value. 
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(d) Standard supply input current. The standard Input 

current shall: be the value measured While the radar is 

operating but is not receiving a target signal. 

(e) Special instructions. Each time a test method 

requires that ~ the radar device be connected •to the simulator 

test range (hereafter called "simulator"), the radar device 

must also be connected to the standard supply • voltage source 

and properly aligned onthe simulator. 

Equipment 

§ 1221.41 Equipment. 

The test equipment discussed in this section is limited 

to that equipment which is most critical in making the mea- 

surements discussed in this document. All other test equipment 

shall be of laboratory instrumentation quality. All test 

equipment, except the anechoic chamber, shall be provided 

with instruction J~anuals. 

§ 1221.42 Audiofrequency synthesizer. 

The audiofrequency synthesizer shall have a frequency 

range of 300 to I0,000 llz, a resolution of at least 0.01 Hz, 

and a ~.~easurement uncertainty no greater, than 1 part in i0 6 . 

1221.43 ;licrophone. 

The microphone shall have a frequency ran.je of 300 to 

I0,000 [Iz and shall l)~ capable of coupling tuning fOrK 

tones into an amplifier or oscilloscope_. 

-4[- 



.~ 122[.44 Environmental chamber. 

The enviL'onraental chamber or ci~ambers shall produce air 

temi,,:ratures that',n,:e:t the requirc,n,;nts of ~ 1221.17(a) 

and .% I721.17(b) while shielding the t~.st ra,]ac .Jevice from 

heating or cooling air currents' i)lowing d lcuc£ly on it. The 

temperature 06 the radar device shall be measured With a 

thermocouple (~ 1221.61) separate from the sensor use(.] to 

contrbl the chamber air temperature and shall have an 

accuracy of + 2°F (+l°C). Likewise, humidity shall be 

measured with a hygrometer separate from the sensor used to 

control humi,lity and shall have an accuracy of + 2%. 

§ 1221.45 Anechoic chamber. 

The rE a'nechoic •chamber sllall be shielded to exclude 

outside interfer, ence and shall he constructed to minimize 

internal microwave reflections fco,~ the Chamber walls, floor 

and ceiling. 

§ 1221.46 Microwave frequency counter. 

The microwave frequency counter shall be capable of 

measuring microwave frequencies from 10,500 to 10,550 

MI{z and from 24,050 ~ to 24,250 .'111z with an uncertainty 

no grea£er than 1 part in i0 7. 

.~ 122[.417 Field stren(;th ,,~ter. 

The fleld strength meter shall have a probe with 

omnldi[ectional pickup characteristics and a 4 in (i0 cm) 

',.," 
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diamete r protective sphere, antl shall be capable of 

measuri,lg l:-fie|d power densities form 0.01 mW/cm 2 to 

lOre%I/era 2 with an accucacy of + Idl~. 

1221.48 Isotropic probe. 

.The isotropic probe shall have sensor antennas consistlng 

of three orthogonal dipoles enclosed in a 4 in (I0 cm)dia- 

meter protective sphere, a minimum detectable power density 

level of 0.01 m%~/cm 2 over the frequency range of I0 to 25 GHz, 

and high resistance between the sensor and metering units. 

§ L221.49 Photometer. 

The photometer shall incorporate a photopic response 

which closely approxlmates the Commission International. 

de l'Eclairage (CIE) luminous efficiency function and have 

offtics which allow the measurement of circular areas as 

small as 0.004 in (0.01 cm) in diameter. The photometer 

shall have a f,J][ scale sensitivity of at least 0.I foot- 

lambert (,3.34 candeLa per square meter (cd/m2)). Measure- 

ment uncertai,iJty of the calibrated photo shall be less than 

5% of the reading. 

[22[.50 5za~ilatoc test range. 

The simulator test range shall nave the capability oE 

,aounting the radar device in an i,lterf~.rence free environ- 

ment and the means of generating moJulation reelection signals 

as pg,..u,lo doppler audio signals. It shall be able to simul- 

taneously pr~|uc~. :~imulated patrol and t~rget vehicle 
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speeds. The simulator test range shall consist of a mounting • 

bench, two audio signal generators and microwave single side- 

band• (SSB) modulator. The audio generators shall operate 

from 300 to 15,000 Hz wit h frequency counters having an 

uncertainty of less than I part in 106 and shall have a cali- 

brated output with an accuracy of + 2dB. •If integral fre -• 

quency counters are not included, separate counters with the 

required accuracy shall be• used. The ~ SSB modulatorl shall be 

capable of generating SSB modulation for frequencies of 300 

to •16,000 Hz, and test personnel shall be able to monitor 

visually the microwave signal level and the modulator 

balance adjustment. 

S 1221.51 Line impedance stabiliza£ion network (LISN). 

The line impedance stabilization network, constructed 

as in figure 1 with shielded terminals, shall be capable of 

simultaneously interfacing with the radar device, the standard 

supply voltage source, and the •interference injection generator. 

§ 1221.52 /Pulse generator. 

The pulse generator shall be capable of producing 20 V 

peak-to-peak across a 50 ohm output impedance with rise and 

fall times of less than one ~4sec and pulse reI>etition rates 

to 200 to 10,000 pulses per second. 

§ 1221.53 Sawtooth wave generator. 

The sawtooth wave generator shall be capable of producing 

20 V peak-to-peak across a 50 ohm output impedance. [t shall 
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also be caPable of producing a sawtooth wave having a 

positive-going, leading'edge, fast rise-time wave of less 

than onej&cs,:c over a frequency range of 200 to 10,000 Hz. 

1221.54 Frl signal genrator. 

The FH signal generator shall be capable of producing 

20 mW output power at frequencies from 30 to 500 t IHz and 

shall have an audio frequency modulation variable from 
,. • . . . . .  , 

500 to 5000 HZ, a 50-ol~m output impedance, a maximum 

standing wave ratio of 1.2 and a variable output level. 

It shall also have a deviation meter or calibrated control 

for determining the peak frequency deviation with an uncer- 

tainty no greater than 10%. 

1221.55 AM signal generator. 

The AH signal generator shall cover the 25 to 30 HHz 

frequency range, be capable of producing at least 20 mW 

output power and 99% modulation of frequencies from 500 to 

5000 Hz, have a 50-ohm output impedance and a maximum 

standing wave ratio of 1.2. The generator should include 

a digital frequency counter having an uncertainty no 

greater than I part in 106 and an AM monitor or calibrated 

control for determining the Arl percentage with an uncertainty 

no greatf:r than 10%. If an integral frequency counter is 

not include,], a separate frequency counter having the 

r. equired accuracy shall be provided. 
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.~ [221 .56  Power meter. 

i~he power meter, shall have 50-ohm feed-through detectors 

for- £ru,T~.Jenci,_,s ~rom 20 to 500 t11lz and the ability to handle 

[,owers up to 50 watts with an accuracy of 10% or better. 

1221.57 Stopwatch. 

T h e  s t o p w a t c h  s h a l l  h a v e  a 1 . 1  s e c  r e s o l u t i o n  o r  b e t t e r  

an,l a total time accumulation of .at least .5 rain 

122[.58 Oscitloscope. 

The oscilloscope shall have a vertical input sensitivity 

(y-axis) of 10mV/cm or better an,] a..frequency response of. at 

least 5 ..'|llz. It shall also have a horizontal input (x-axis) 

h;Jving at least 20 kllz frequency response an(| a horizontal 

sweel)time base resolution of [00 ~sec/cm or better. It shall 

i)t'ovi(le a refer, ence voltage, accu.rate to 5% or better, for 

calibrating the vertical input. 

L221.59  V ib~ 'a t  ion  tester. 

The vibrati0,1 tester shall be adjustable in frequency 

£rom [0 tO 60 llz, in a .[inear-swee'p mode, and it shall be_ 
. , -, ,,. 

s~:rvo-control[e,l, with a re:ference signal derived from a 

guitable ca[ibrate,l accelerometer or other calibcated sensor• 

[ t  s h a l  1 a l s o  p r o v i d e  a n • a d j u s t a b l e  s i m p l e  h a r m o n i c  m o t i o n  

in, at least one i, lane for a total ,:xcursion of 0.04 in 11 ram), 
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§ 1221.60 
. . . . . -  , 

Slide whistle. 

The sliMe:whistle, a w{nd inslrument with notched 

no[low tube and a varia~te displacement, shall be capable 

of producing audiofrequency notes from 500 to 3000 Hz. 

$ 1221.61 Thermocouple. " 

The thermocouple shall b e  a n  American [iational Standards 

Institute (ANSI) type T thermocou[,le. Reference tables from 
- . '- . , . 

ANSI/ASTM E 230-77, Standard Temperature, shall be used to 

convert electromotive force into measured temperature. At 

least one thermocouple shall be installed Within the case of 

each radar device for tem[~rature measurement purposes. 

P r o c e d u r e s  

1221.71 Tuning fork calibration test. 

Interconnect the test equipme:~t as shown in figure 2 

except that a frequency counter and amplifier may be substi- 

tuted for the audiofrequency snythesizer and the oscilloscope. 
- c" 

If usecl, adjust the audiofrequency synthesizer to approximately 

the tuning fork frequency by multiplying the labeled tuning 

fork speed by 31.3906 for ty[~e I and II radar devices anrl 

by 72.0301 for ty|~ Ill and IV radar devices. After striking 

the tuning fork on a non-metallic object, wait 3 seconds, 

then hold it in front of the i, icropnone while a<]justing the 

synthesizer frequency to obtain a stationary, circular, 

lissa3ous pattern on the oscilloscope. Record the tuning 

fork frequency directly from the synthesizer dials. Divide 

-47- 



the snytheslzer frequency or-the frequency as measured by 

th,:, c,),~ter by-tht: ~p|~ropriate constant given above to obtain 

th,.: si~e~z,l c.,~cr,:sL;ondi,~, l to the :aeasure.,l frequen.cy of.- the 

ttlni!l.j llork. 

1221.72 Radar device tunin~ fork test. 

(a) All Radar Devices. Place the radar device in the 

stationary node of operation, orienting the antenna so that 

no moving tar,Jets are present. Activate the tuning fork 

by striking it on a non-metallic object and hold it 1 to 

4 in •(2.5 to i0 cm) in front of the antenna with the flat 

side parallel to the direction of propagation. The radar 

,nJst disl,lay the spe.e,i corresponding to the tuning ~urk 

[requency in the target vehicle speed window. 

(b) Ty_pe, [I and IV Radar Devices (A|)proaching ~lode). 

Place the ra,lac in the moving m~le of operation, orienting 

the aqt,-nna so that nu moving targets are available to the 

rada.r. Activate the lower speed tuning fork by striking 

it .)n a non-metallic object and ~ioI,] St I to 4 in (2.5 to 10 cm) 

in front of the antenna with the flat side parallel to the 

direction of propagation. The radar should dis[~lay the tuning 

[ork sp~:ed in the :patrol vehicle speed window. Strike the 

lli]h,..c Spee:| tuning fo~k on a non-metallic ob],:ct and ptace 

in f,ont o[ tile antenna alongside the lower speed tuning 

[()rk. "i'he speed corresponding to.the low-spee,l tuning [ork 
; , . -.. . 

fr~'~Iuency must ..r~maln in the [)atrol vehicle speed display 

wi,~do~ an,'] the target vehicle speed.disPlay 
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must indicate the difference in :sPeed between the two 

tuning forks. 

(c) Type I[ and IV Radar Devices (Followin 9 Mode). 

Place thu radar in the following ,mode of operation, orienting 

the antenna so that no moving targets are available to the 

radar. Activate the higher speed, tuning fork by Striking 

it on a non-metallic object and hold it i to 4 in (2.5 to : 

I0 cm)in front Of the antenna with a flat side parallel to 

the direction of propagation. The radar must display the speed 

corresponding to the tuning fork frequency in the patrol dis- 

play window. Strike the lower speed tuning fork on a non- 

,netallic object and place in front of the antenna alongside 

the high speed tuning fork. The speed corresponding to the 

high speed tuning fork frequency must remain in the patrol 

vehicle speed display window and the target vehicle speed 

display must indicate the sum of the two tuning forks. 

1221.73 

(a) 

Test. 

(I) 

Microwave transmission tests. 

Transmission Frequency and Frequenc~ Stability 

Place the radar device in the anechoic chamber 

and connect the test equipment as shown in figure 3. Posi- 

tion the pickup horn antenna in the radar beam a Sufficient 

distance away from the radar device to prevent overdriving the 

microwave frequency co~uqter. Adjust the standard supply vol- 

tage to its nominal value and recor.d the microwave frequency. 
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(2) Reduce the standard supply voltage by 20% of its 

nominal value, allow it to stabilize for 2 rain., and repeat the 

above I~rocedure. 

(3) Repeat the procedure for a change in standard supPly 

voltage of +20%. 

(b) Input Current Test. Place the radar device in the 

anechoic chamber and connect the test equipment asshown in 

figure 4. Adjust the standard supply voltage to its nominal 

value and record the input current and voltage. Vary the 

standard supply voltage +20% and record the change in input 

current. Repeat for a supply voltage of-20% of the nominal 

value. 

(c) Radiated Output__Power Stabilit), Test. Position ,the 

radar device on a ve.rtical test stand in the anechoic chamber 

with the antennapointed upward, and connect the test equip- 

ment as shown in Eigure 5. ~1ount the isotropic probe of 

the field intensity meter 20 to 40 in (50 to I00 cm) from 

the radar antenna in the longitudinal axis of the radar 

beam. Adjust either the radar or the probe horizontally 
• . . . . ., . 

. ... . • , . . . "  

to position.th e Probe in the center of the Principal axis 

of the beam (maximum probe reading). Record the distance 

between the antenna apertur e an(] the isot~opic probe, adjust 

the standard supply voltage to its nominal value and record 

the field str¶~:n.jtll ,-)f the m~crowave output signal.• Vary the 

standard supply voltage +20% and record the cliange in micro- 

wave output power density. 

, , , •  , • • 



(d) Antenna ilorLzontal Beam %Ji,lth T~St.4. ~}s,: ,:.LtI~:.L- 
. . .  • , , 

test (1) or t,.~st (2) below, as ai~propriate: 

([) Antenna llorizontal Beam Width Test. Position the 

rat)at device on a vertical test stand in the anechoic chamber, 

with the antenna pointed upwards, an(~ connect the test 

equipment as shown in figure 5. Mount the isotropic probe 

of the field intensity meter 20 to 40 in (50 to 100cm) 

above the rar]ar antenna. Energize the radar using standar..-] 

supply voltage an:] allow it to stabilize [or 2 rain. Adjl,st 

the position of the radar device on the test stan,~ until the 

probe is in the center• of the antenr~a beam (maximum peweE), 

then a,~just the height of the probe for a full scale or 

refeL-ence level on a sensitiw: scale of the fieL(] strengtl, 

meteE, inaintainlng the probe in the antenna far-[ield re,]ion. 

Recor(| the field intensity an;~ the distance between the antenna 

and the probe. Using caution not to accidently rotate it, 

,hove tile radar, device to the r. ight until half-power, is 

in(]icate.] on the meter and care6ulLy mark the position of 

tl~,. r.adar, device. Move the radar device to the ~left of the 

probe until half-power is again indicated on the meter. Mark 

this point and measure the distance between the half-power 

points. 

rloving the radar device on a path 90 ° to the previous 

direction, again measure the distance betwee|l the ha[f-l)OW,:r 

points. Average the distances between the~ two half-power. 
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teadfngs and calculate the half-power beam width using the 

following equati0n to correct for any change in radius- 

r l  i :; t an c,., . 

A = 2F Arctan (C/2R) 

;Jhere A is the angular half-power beam width, F is a factor 

to correct for tn~ change in radius (from the graphed curve, 

figure 6), C is the average perpendicular distance between 

the hal f-power PointS, and R is the ra,]ius from £hefron't 

of the antenna to the point at which the maximum powe C 

(]enszty was measured. 

(2) Antenna Horizontal Beam Wldth Test (Alternate 

Method__ .......... for Circularly~_ Polarized Radar Devices Only). Posi- ' 

tion the ca,Jar device on a turntable in the anechoic chamber, 

energize it ,]sing the standard supply voltage and allow it 

to stabilize for 2 rain. Position a pickup horn.antenna on 

the ~axlJaum Power axis o£ the antenna far-field region at 

,.~ dlstance close enough .to indicate full scale on the-power 

,n,?te~ on.,.~ sensitive scale. Record. the.|~rs)tr, actor angle 

in,licat.ion on~ the r.a, lar mounting turntable. Rotate the turn- 

table witl] th,: rcJ,]ar until the power me tez: indicates one-half 

th,: power read at the center o~ the beam, record the turntable 

ang[,~ ant| t!]en votat,: the•. . turntables, back through center , con- 

tin..,tn]! until tht, [~ower ineter again Indicates one-ha][ the • 

lw,~;,:i." r,°,,1:~ .at the o-:nte.r and r.'~::cor,l the, turntable angle. Thu 

ch,ln.l,., In .~njl,_ ~ r,:adin.]s of. the turntable betwuen the two 

halt-[)owc, r |~int,~ shall I)~, t,~ken . t S  t!~e <Intenn,1 beam wi,lth 

~'10 ,1:3 lit" ,~:,rl*? 11 t 
, .. .: . 

• . , . . .  
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(e) Antenna Near-Field Power Denisty Test. Connect the 

radar device tO the test equipment as shown in figure 7. 
+ 

Being careful not to vary the distance from the antenna, use 

the isotropic probe to search for the maximum Signal strength 

in the plane 2 in. (5 cm) from the an tenna  aperture Or l e n s  

face  o f  the  an tenna  and p e r p e n d i c u l a r  t o  the l o n g i t u d i n a l  

a x i s  o f  t h e  r a d a r  beam. Move the probe to  ob ta i t~  the  maximum 

readlng and record it. 
+ 

§ I721.74 Environmental tests. 
+ 

(a) Operational Temperature Test. Place the ra,Jar 

device, with the power off, in the environl,ental chamber 

and adjust the chamber to the required low temperature +3.6°~ " 

(+2°C). Allow the radar device to reach temperature +equili- 

brium and maintain it at this temperature for 30 min. Using 

protective gloves, remove the radar device from the environ- 

mental chamber, place it in the anechoicchamber and connect 

it to the Standar(i supply voltage. After euergizing, wait 

2 min. before performing any measurements. The radar shall 

meet the requirements of § 1221.17(a) within 15 rain. of opera- 

tion. Repeat the above procedure at the ~equired high tem- 

perature +3.6°F (+2°C). 

(b) Operational Humidit~z Test. Place the radar device, 

with the power off, in the environmental chdmber. Adjust the 

relative humidity to a minimuca of 90% at 99°F (37°C) and main- 

lain the radar device at these conditions for. at least 8 hours. 

Remove the ra~|ar device from the chamber, place it in the_ 
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..~n(:choic chumber ~.nd conrlect it to the standar(l suI)t, iy 

vr~tt- , , ,a, . , .  . , \ t . t . , . r- .CIICL', I I .  Zl , I ,J ,  wait 2 r a i n .  before ~K:rLormin,1 

a r l y  : n o a s u r c m o n t s .  The  r a d a r  d e v i c e  s h a l l  me~_t t!~,, c e q u ~ r ~ - -  

mr, n t s  ~f~ ~ i22[.[7(b) within 15 rain. of operation. 

(c) ViDrat zon test. 

(1) Fasten the radar device to the vibration tester 

,,sing a rigid mounting fixture. Perform a two-par t test for 

a tota:L Of 30 rain. in each of three directions, namely :the 

dicectio,~s parallel to both axis of the mounting and per[~_'n- 

duclar to the place of the mounting. 

(2) First subject the radar device to three 5 rain. 

cycles of szmple harmonic motion having an amplitude of 

O.0L5 iu (0.3X re,n) [total excursion of 0.03 in (0.76 mm)] 

applie,| Initially at a frequency of I0 Hz and increased at 

a uni£ocm rate to 30 ~Iz in 2.5 rain., then decreased at a 

uniform rate to 1N Hz in 2.5 rain. Conduct the appropriate 

radaL" 'device tuning [0rk test (§ 1221.72) during the last 

5 iain. cycle. 

(3) Then subject the radar device to three 5 rain. 

cycles of simple harmonic motion having an amplitude of 

0.0075 zn (0.L9 ram) [total excursion Of 0.015 in (0.38 mm)] 

al)l?lied iuitially at a Er. e quency of ]0 l|z an,| incceased at 

a ,]nlfor,7 rat,! to 60 l{z in ?.5 gin., then decreased at a 

unl[ocal c~tc: to ]0 l|z in 9..5 rain. Conduct the appropri.~te 

ra, lar device tuning fork t¶.~S t (9 [221.72.) durin] the last 

% ,qLn cy,:[,~ 

D 
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(,I) Rep,:.~t this procedure £or each of ill,: other two 

directions. 

.~ 122[.75 i~w supply voltage test. 

Connect thf~ radar devicr- to the., standard supi, Ly voltage 

as shown in [zgure 3 a,~d ener,]ize it. Allow the radar device 

to stablLzz,: [or 2 rain., then conduct the appropriate radar 

device tuning fork test (.~ 1221.72) and measure the radar 

speed gem.~ated by the tuning fork ~requency. C,),itinue to 

• f'% w - , :~l_ast..,_ the radar speed and decrease the supply voltage at 

th,. • cat,. of aDPro×imate[y 0.2 V/s until the low voltage alert 

is activated. Record the supply voltage level. Verify that no 

er. roneo~,:s reading is present. Increase the supply voltage 

until the low voltage indicator is deactivated, and again 

conduct the a|~|)ropciatu radar device tuning fork test to 

verify that the radar device yields the same speed reading 

as a£ standdr,] supply voltage. 

1221.76 Doppler audio tests 

l~acl~ time a test method requires that the radar device 

be conne,'te~I to the. simulator, the radar device must als0 

be con,~ectec| to the standar.d supply voltage source and pro- 

perly ailgned on tile sb~ulator. S::,? figure 8 for a bloc}~ 

diagram o~ this measurement setup. The following procedures 

s~alt he toLlowecl: 

(a) Audio Output and Volume Control Test. 

i 



(I) Connect the radar device to the simulator, energize 

it in the stationary mode and disable the squelch function. 

Establish a Slmulated target ar,d vary the target speed to 

verify that :the doppler audio is correlated with the target 

speed. In a single target situation, stationary mode, the 

doppler audio should be a single clear tone. Move a metal 

plate in the radar beam without interrupting the signal beam 

and ascertain that ~ the interference motion from the •plate is 

heard in the doppler audio. For ty[~ II and IV radar devices, 

switch to•moving mode operation anduse the simulator to 

establish a simulated moving mode situation. Vary the target 

speed control and verify that the simulated target doppler 

audio is correlated with t~e target speed, whether the patrol 

doppler audio is present or not. 

(2) Vary the audio volume adjustment control. 

(b) Audio • Squelch and Squelch Override Test. 

(I) Connect the radar deride to the simulator and energize 

it in tile stationary mode with no target present. Verify that 

the audio output is squelched. 

: (2) Disable the squelch function and move a metal plate 

within the radar beam an,] ascertain that this motion is heard 

in the doppler audio. .. "~ 

(:C) Audio Track-Through-Lock Test. 

(I) Connect the radar device to the slmulator, energize it 

in the Stationary mode with doppler audio squelched. Establish 

a simulated target, actuate the speed lock switch and vec fy 
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that the dopl~l,':r audio continues uninterrui~t,:,l, l~cr~,~s,: tt,,~ 

simul,~t,.il tdtg,~t s[Jeed a:,d v:.,rilly tl]at the: Ho},p[er audl,) is 

correlated with the target si~ee,]. 

(2) ;{epeat the above procec]ure using a decrease:i simu- 

lated tar. get s[~:ed. 

(3) For typu [[ and IV radar devices switch to tho ~loving 

mode of operation, establisll a simulated fixed [)atrol speud 

and a variable target speed and rek,eat the a'bOVe procedure. 

L221.77 Speed monitor alr:rt test. 

Verify that the radar cIevice does not have a speed 

monitor alert capability. 

1221.78 Power surge test. 

Conduct the following test on any devices with a stan0by 

capal,ility. Adjust all range sensitivity controls and au~|io 

volume controls to maximum for these tests. Connect the 

radar ~levice to tile simulator. Place the radar rlevice in the 

stationary mode, establish a simulate~l target of 50 mph 

(80 ks/h), and switch the devic~ to standby mode. Turn the 

,Jevice fro,, standby to on an,.] verify that there are no 

e~roneous readings. Rei.~.at this th.ree times. For type. [I 

and IV radar devices, switch to the moving mode and repeat 

the above procedur, e. 

.~ 1221.79 Speed display tests. 

(a) Dis|slay readability tests. Position the radar 
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. . . ". 

,levite witI~ the illuminated ~ace perpendicular to the optical 

axis o[ the photometer as shown in. figure 9. Position a, 

[i,lht R(*U,','.': .~t ,In ;~n,]l,, Or. ]0 ° °from the [~_'rp,:n,licular such 

that 1.000 [ootci~ndles (10,780 lumens Dec square ,neter) of illum- 

Ination will• be measured across the. face of the display. Turn 

o,i the ~lisplay using standard supply voltage land use a tuning 

£ock to place, a speed reading r~n the display. Lock in the 

reading and darken the room. Vary the intensity of the display 

to obtain the J.laxlmum luminance contrast. Use the photo- 

meter to measure the luminance of an individual character 

element, either a l,a~ or a single dot, an,] its background 

at th:'ee locations, if possible, representing the left, 

center .an,:] ciqht portions of t!,e display. Repeat for ilium- 

ination an,]le:s of 45 ° and 60 °. Record the values of daylight 

luminanci? contrast foc each of the nine tests and calculate 

the average value of L l and .L 2 deflned below). Calculate 
• . • 

the daylight luminance contrast value from 

C = LI: ' - L 2 or 

L 2 

C = L2, L I , if L2 i . . • ,  " . 

i s . g r e a t e r  than L [ ,  

where (" ,.is the lumlnance contrast, L I. Is the.luminance of 

the .d i spLay  e lem:ant ,  ..and ,L 2 i s - t h e  luminance o~ the b a c k g r o u n d  

immediat,i:ly surrounding the display ele,.~ent. 

4 D 

t 
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Measure the height oE a typical display, character. 

(b) Displa~__S_p_e.e__d - Lock Tests. 
• : - 

([) These tests may: be performed in conjunction 

With the display Clear test (paragraph ic) o£ this secion) 

for convenience. Connect the radar device to the simulator 

and establish a simulated target. Verify that t'he radar 

device has no automatic speed lock capability. Place the 

radar device in the stationary mode and activate t:he speed 

Iock switch to retainthe target vehicle speed reading. 

Increase the tar~jet speed, than discontinue the simulated 

target and verify that the target speed display has retained 

the correct speed read in~. 

(2) Clear the radar device and again establish a 

simualted target, but do not activate the speed lock switch. 

Discontinue the simulated target, walt for the display to 

blank, and then activate thespeed lock switch. Verify that 

the tar:let Speed display remains blank. 

(3) For type II and IV radar devices establish both a 

simulated target and a simulated patrol vehicle speed. Pro- 

ceed as above excep t that bo£h the target speed display and 

the patr01speed display must be observed. 

(c) Displa~ Clear Test. 

(I) Connect the radar device to simulator, energize 

it in the stationary mode, establish a simulated target, then 

turn of~ the simulated signal. Activate any one of the control 

switches (on, orE, standby, test, etc.) on the radar device 
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except the speed l o c k  s w i t c h  and v e r i f y  t h a t  the previous 

speed r e a d i n  3 has not  been P r e s e r v e d .  Repeat f o r  each c o n t r o l  

switc!~ on the r a d a r  d e v i c e .  For type. I I  and IV rada r  d e v i c e s ,  

s w i t c h  to  the moving mode and r e p e a t  the above p r o c e d u r e .  

(2)  ~ i t h  the r ada r  dev i ce  s t i l l  c o n n e c t e d  to the s imu-  

l a t o r ,  again establish a simulated tar,jet. [x)ck in this 

speed reading using the speed lock switch. Activate any one 

of the control switches on the radar device except standby 

and test, and verify that the previous speed readin U has tlc~t 

been preserved. Repeat for each control switch on the radar 

device. 

(d) Internal Circuit Test. Activate the radar device 

and [~9_rEor[n the internal circuit test i,l accordance with the 

instructions of the manufacturer. Verify that only •correct 

readings are displayed, and that all readings are cleared 

automatically when the test is completed. Re|~at the ; 

interna| circuit .test a second tlme and attempt to actuate 

the speed lock• switch while readings are displayed. Verify 

that these readings are not retained by the display. 

(e) Speed Display Transfer Test. Connect the radar 

device to the slmulator, set it to the moving mode an d estab -. 

lish a moving mode simulated patrol and target speeds. 

Activatt~ the speed,!ock switch and discontinue the simulated 

sic]nals. ,Using each oE the available controls, attempt to 

transfer the patrol speed reading to the target speed dis- 

play. • 

m 

4 

. . . 
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(f) S~nal Processin~ Channel Sensltivlty Tests. 

(i) Connect the ~adar device to the simulator and 

establish a 20 mph (32 kin/h) simulated target speed or the 

lowest target sI~ed specified by the manufacturer. Do not 

move the radar d,~vice for the remainder of this test. Place 

the radar device in the stationary mode,• increase the target 

singal by adjusting the generator output or audio attenuator 
• . .. 

and record th@ target speed minimu.m signal level needed to 

acquire the target. Repeat ~or target speeds of 30 to 90 mph 

(48 tO 144 kin/h) at i0 mph (16 kin/h)• increments. 

(2) For tylm~ II and IV radar devices, place the radar 

devlc~ in tile moving mode, establish a 25 mph (40 Kin/h) 

simulated Patrol vehicle speed and then. increase the patrol 

s[~eed signal level by i0 dB (5 dB is using a microwave atten- 

uator). Establish a 40 mph (64 km/h) simulated targeti 

acquire it and record the target speed minimum signal level 

needed to reacquire tI~e target. Repeat for target speeds 

of 50 to 90 mph (80 to 144 km/h) at 10 mph (16 km/h)incre- 

m~nts. Repeat at the procedure for a simulated patrol speed 

of 50 mph (80 kin/h) and target speeds oE 60 to 90 mph (96 

to [~4 km/h) at I0 mph (16 km/h) incce,nents. 

(g) Target Channel Low and High Speed Display Tests. 

(I) Connect the radar device to the simulator. With 

radar device in o~f or standby, establish a simulated target 

traveling at the required low sped. Switch the radar device 

to the stationary mode to verify that it will acquire this 
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target and measure its speed. For type II and IV radar 

devices, establish a simulated patrol speed of 20 mph 

32 kin/h), switch the radar device to the moving mode and 

repeat this pffoc~duce. 

(2) Switcll the radar device to the stationary mode 

and repeat this procedure usinc 3 the required hi¢jh speed 

target speed. 

(3) For type II and IV radar devices, with simulated 

target traveling at 100 mph (160 kin/h) and a patrol Vehicle 

speed of 55 mph (88 kin/h), verify that the target signal 

processing channel will process and display the correct speed 

readin.js. For typ e IV radar devices, change • the closing 

speed to 210 mph (336 kin/h), with maximum patrol speed of 

55 mph (88 kin/h), and veriEy that the radar device will not 

process and display any target speed readin:j. 

(h) Patrol Channel Speed Display. 

, (I) Low .and .High _Speed Tests. 

Connect the radar device to the simulator. $lith the 

radar device,/in of£ o~ standby, establish.~a simulated, tar,jet 

speed ~ignal at the,cequired .low speed, SwitcIt the radar 

device to th e moving mode and verify that it will acquire 

andmeasure!patrol speeds down to the required low speed. 

With the radar device still in the moving mode, establish a 

simulated patrol speed of 55 mph (88 kin/h) and repeat the 

procedure. Verify that the radar device will acquire and 

measure patrol speeds Up to the required high speed. 
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(2) 

(L) 

Pa_tro___l__Veh_i_c!e Speed Change T e s t .  

Connect the radar device to the simulator an¢l 

establish a patrol spee, l of 20 mph (32 kin/h). Place the 

radar device in the moving mode and display the correct 

patro ! speed. Use the simulator to increase the patrol speer] 

at a rate oE 3 mph per second for 5 seconds and verify that • 

the patrol speed display reaclinq agrees with the simulated 

patrol speed during this 5 second period. Repeat this proce- 

dure for initial patrol speeds of 30 and 40 mph (48 and 64 

km/h ) . 

(~i) With the radar device still connected to the simu- 

lator, establish a patrol speed of 55 mph. Place th,. ~ radar 

device in the moving mode and display the correct patrol speed. 

Use the radar target si:aulator to decrease the patrol speed 

at a rate of 3 mph per second for 5 seconds and verify that 

the patrol speed reading agrees witl] the: si:mu[ated patrol 

speed during this 5 second l)uriod. Repeat this procedure for 

an initial patrol spee~.! 06 40 mph (64 knl/h). 

(i) Au___x_ilzary Display Tests. 

([) Connect the rada~ device together with th,: auxiliary 

printer or ~'u!note display module to the simulator and con~]uct 

the dis[~lay speed lock test ([,avagraph (b) of this section) 

andl the dis..')lay clear test ([larag~-aph (c) of this section). 

Verify that the re,note ,~odule displays are cleared whe.l it is 

reconnected to tI~e radar rJevice. 
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(::) With the radar.device still connected to the 

simu].~toK, ,~.:~tab[ish a si~gulate~| target, actuate the speed 

lock ~;~it.,:h aJhl th,~ [)rintuv function. Verify that the 

[~rtl]t¢~t~t. tn,:Lu:Ic:~ t}|,: tt":I,S r e q u i r e d  by ~ 1221.21(i). 

[22.[.80 Eiectromag~eti,: i,~terEerence tests. 

~:onnec~, the ra.-]at device to the simulator and to the 

othe~ test equipme:~t as shown in ~igure .[0. Activate the 

radar device in the stationary mode, determine theminimum 

signal level necessary to establish a simulated 50 mph 

(80 kin/l,) tar-let, then increase the simulated signal level 

by 3 dB ([.5 HB ff using a microwave atten~,ator). Turn the 

Simulate] signal Off and .proceed With each of the tests in 

paragraphs (a) tlirough (d) of this section. 

(a) Vehicle Alternator Interference Test. 

(i) .~;ith the pulse generator connected sucl~ that the 

pu!s,. • signals are impressed on the radar device power line, 

set th( • (]enerator o,ltput to 1 V peak-to-peak, as measured by 

the osci[[osco.u,:, at a pulse rel~etition rate of 200 pulses per 

second (I?~s) witll a pulse width of I0-20 ~secs. With the 

ca,Jar., device stil. l i,~ the. stationary mode , .establ ish a. simu- 

late d t~,~,~et.ok 40 mph (64 kin/h) and slowly, vary.the genera- 

tot fre,luency~ftoln 200 pps .to lO,O00.pps and back to 200 pps. 

(2) F,)t" tyf.,~ II and IV .ra,lar.. devices, switch to the 

moving mode, turn o~ the pulse; generator, and determine the 

,ntntmu::l st:]hal. [evu[ necessary to establish a patrol, speed 

of 50 mi,h (80 kin/h). Then incr,:.-ise this level by IO dB 
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(5dB if using a microwave attenuator). Establish a target 

speed to 60 mph (96 kin/h) (3 dB above a minimum target 

signal), reset the pulse generator to 1 V peak-to-peak and 

repeat the procedure in (I) above. Verify that no erroae- 

ous readings appear at any time. 

(3) Repeat (I) and (2) above using a constant pulse 

repetition rate of 1500 pps while slowly vacyin.g the pulse 

amplitude from O V to 1 V and back to O V, as measured at 

the oscilloscope. Repeat (I) and (2) above using a constant 

3100 pps. 

(b) Vehicle Ignition, Air Condition/Heater Motorl and 

%4indshleld Wi~er Motor. Disconnect the pulse generator and 

replace it with the sawtooth as s|,own in figure ii, such that 

sawtooth wave signals are impressed on the radar device power 

line. Place the radar device in the stationary mode, estab- 

lish a siaulated target of 40 mph (64 km/h), then increase 

the simulated signal level by 3 dD above a minimum target 

signa[. Set the generator output to 1 V peak-to-peak as 

measure(| but the oscilloscope at a frequency of 200 Hz. 

slowly vary the ge,,erator frequency from 200 to 10,000 llz 

and back to 200 Hz. Verify that no erroneous readings appear 

at any tlme. 

For type II and IV radar devices, switch to the movin.3 

mode, turn off the sawtooth wave generator and establish a 

patrol speed of 50 mpn (80 kin/h) (I0 dB above minimum patrol 

signal) and a target speed of 60 mph (96 kin/h). Then increase 
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the simt, lated signal level I)y 3 d}3, reset the sawtooth wave 

:j,?rler:;~tor to 1 V [)eak-to-[~eak arld ~epeat the above proce- 

dure. Verify that no erroneous readings appear at any time. 

(c) Pollce Frl 'l~ransceiver Interference Test. 

(].) Connect• the FH signal generator to the line italy- 

dance stabilization network, as shown in flgure 12, such that 

the rf signals are impressed on the radar device power line. 

Place the"rada.r device in the stationary mode, establish a 
i 

simulated target of 40 mpl~ (64 kin/h), then increase the 

simulated signal level by 3 dH, set the generator frequency 

deviation to 5 kFiz. Set the gene~ato.r to a ~rec]uency ~jf 

160:111z with an output of 10 m~;, as measured by the power meter, 

with no mo~e than i m~2 reflected power. Slowly vary the modula- 

tion frequency from 200 to I0,000 Hz and back to 200 Hz. 

Verify ~that. no ~rroneous readin.js appear at any time. 

(2) For tyi~ Ii and IV radar devices, switch to the 

.gloving mode, turn .off thu FH signal generato~., establish a 

patrol speed of 50 ,.Iph (80 Km/il)([0 dB above minimum patrol 

signaL) and a target speed to 60 mph (g6 km~h). Then. 
..'> 

increase the siaulated signal level by 3 dB, turn on the Fr.I 

signal generator., and rep~:at the above procedure. Verify 

that no e.r.~oneous r,:a,Jing.,i app~_.ar at any time. 

! (3) ~ Re|~eat (l). and ('l) abovr: using a constant modula- 

tion fce,iuency of 1500 II~: whl]e slowly varying-the FH signal 

generator output ~ro,n 0 to i0 m&; and back 0 roW.. Repeat (I) 

ant~ (2) above using a constant moclulatioi~ frequency to 3100 llz. 
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(4) Repeat the entire test for frequencies of 40 

and 460 Ml{z. 

(d) Citizens Band (CB) AM Transceiver Interference Tests. 

([) Conrlect the A.~I signal generatr~r to the line impe- 

dance stabilization network, as shown it] figure 12, such that 

the rf signals are impressed on the radar device power line. , 

Place the radar device in the stationary ]node, establish a 

sim,|lated •target of 40 mph (64 kin/h), then increase the" 

simulate,] signal level by 3 dB. Set the generator to a fre- 

quency of 27 MHz with an output of 5 roW, as measured bY the 

power meter, with no more than 1 mW reflected power, at a 

frequency of 27 Milz an,] adjust the generator Inodulation 

to 99%. Slowly vary the modulation frequency from 200 to 

I0,000 iiz and back :to 200 Hz. Veri6y that no erroneous 

readings appear at any.time. 

(2) For type II and iV radar devices, switch to the 

moving r4ode, t,,rn of.f the AM signal generator, establish a 

patrol speed of 50 ,nph (80 kin/h) (10 dB above minimur4 patrol 

signal) and a target speed of 60 m~h (g6 kin/h). Then increase 

the silnulate,.~ si,jrlal level by 3 ,]B, turn on the AM signal 

generator, an4 rel>eat, the above procedure. Verify that no 

erroneous rea:|[ngs appear at any time. 

(3) Repeat (l) and (2) above ,]sing a constant modulation 

fre,]uency of. 1500 !Iz while slowly varying the AM signal gen- 

erator ,.~,.itput [rorl 0 to 5 mW an,| back to 0 mV.;. Repeat (I) 

an,;I (2) above using a constant mod,ilation frequency Of 3100 Hz. 
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§ 1221.81 Radar device operational tests. 

Install the radar device in the patrol• vehicle in 

accordance with the manufacturers instructions, using extrerae 

care in positioning the antenna. The patrol vehicle shall 

be of the type normally used for law enforceraent purposes, 

with heavy duty components. It shall have•at least one stan -• 

dard police FM transceiver and an antenna installed in 

accordancewith the instructions provided by the transceiver 

manufacturer. This test must be conducted in an environment 

free of extraneous ,,oving targets such as large ventilation 

fans. 

(a) Police FM Transceiver Interference Test. ~ 

(I) •Start the partrol vehicle engine and set it to 

a fast idle. Wait 30 seconds, place the radar: device in the 

stationary mode and switch on the FM transceiver. Track 

a just-acquired distant target traveling at a speed of 50 mph 
. 

(80 kin/h), activate the push-to-ta!k •switch and use the 

slide whistle to transmit tones via the microphone. Slowly 

vary the ton e of theslide whistle from 500 Hz to 3000 Hz 

and back to 500 Hz, observing the target speed display for 

possible erroneous readings, Repeat two more times. 
, , .. ". 

(2) Turn off the FM transceiver and repeat the pr0ce- 

dure using a handheld FM transceiver with an integral 

an£enna and an output power of 2 watts or more ;~ositioned 

at the_patrol •vehicle driver's location. 



(b) Citizens Band (CB) AM Transceiver Interference Test. 

Moullt t},c CB transc,~iver in a typical front seat local.ion 

ar,~] install the antenna as recommen,]e,l by the ,'.lanufdcturer. 

Connect tl,e CB transceiw~r power leads to the vehicle battery 

or tile ignition switch circ,litry, but not to the cigarel-te 

lighter. Start thepatrol vehicle engine an,] set it to a 

fast idle. Place the radar device in the stationary mode an,] 

track i :juSt-acquire,] distant traget travp.ling at a Spee:~ 

of 50 mph (80 km/h). Switch on the CB transceiver, set it 

to channel 20 activate the push-to-talk switch and use the 

slide whistle to transmit tones viathe microphone. ,Slowly 

vary the tone from 500 to 3000 Hz and back to 500 Hz, 

observing the target• spee4 display for possible erroneous 

re.]dings. Repeat for channe1.~ 1 and 40. 

(c) A d_~acent Vehicle l~_a!iofreque_qnc ~ Interference Test. 

(l) Start the patrol vehicle, engine and set,it to a 

fast idle.. P[a,:e the radar device in the stationary.mode 

an,,/ track a jus.t-acquire,] distant target traveling at a 

speed of 50 mpl~ (80 kin/h). From a distance of at least 

50 ft (15 m), slowly ~Irive a second vehicle equipped with 

a police F~i transceiver of at least 50 watts ,gf output 

power dnd a matching anten,,a past the patrol vehicle passing 

within l(J ft. (3 m) of it. Use the s.[ide whistle to transmit 

tones between 500 and 3000 !In from this transceiver until 

r. eaching a point %0 ft. (L5 m) awa] ~rr>,n the patrol 

v,:},J,zl.e. Note any erroneo,ls rea~]in]s on the. ra']ar ~]evice 
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display. Turn the second vehicle aroL,nd and repeat the 

above l)roce.lure, passing with ].() it. (3 m) of the patrol 

vellicle .~n its other side, again ,~sing the slide whistle to 

tt.'ansL1it mo, iulatin,] tones from 500 to 3000 Ilz, and observing 

the rada,r '~peed display. 

(2) Turn off the FM transceiver, mount a 4 W minmur.~ 

output [)ower CB tra:Isceiver l,owered by the vehicle electrical 

syste,n in the second vehicle and repeat the above-procedure. 

§ 1221.82 Speed accuracy test. 

(a) Establish a measured distance of at least 2640 ft 

(800 m) on an open, level location away from other moving • 

targets. Turn on the radar device place it in the stationary 

mode and drive the patrol vehicle over the measured distance 

at a constant speed, measuing the lapsed time with a 

stopwatch while recording the patrol speed reading and the 

speedometer reading. Repeat the procedure twice in each 

dit'ection, maintaining the same speed for atl 4 runs. Use 

the StOl~Watch..average time to determine the true patrol 

vehicle .spee d an(.] ,]se this speed to calcul'ate the patr,)l 

vehicl.e spee:lo,neter correction factor .and the radar device 

speed correction factor. Repeat this procedure for speeds 

of 20, .50 an,].70, mph (32, 72, and 96 kin/h). 

(.b) F,)~" ty|)e II and IV radar devices, Switcll to the 

I~lovin, ~ mode Of opecation and repeat this.procedure to obtain 

the appropriate C~rrection factor. 
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(c) Switch the radar device to the stationary mode 

of o~e~ation an,l position the rad.Jr equipped patrol vehicle 

~enr one end of the measured test range. Drive a target 

vehicle through the measured distance at a constant speed, 

measuring the elapsed time with a stopwatch, recording the 

speedometer reading an~3 measuring target vehicle speed with 

the radar device. Repeat one time, then move the patrol 

vehicle to the opposite end of the measure,] range. Repeat 

the procedure twice in this direction, again recording the 

stopwatch elapsed tilne, speedometer reading and radar speed 

reading. Calculate the true target vehicle speed, the 

target vehicle speedometer correction factor and the in,~i- 

cate,~ radar speed reading. Repeat this procedure for speeds 

of 20, 50 and 70 mph (32, 80 and ll2 kin/h). 

(d) For type II and IV radar devices, switch the radar 

device to the moving mode arld station the patrol vehicle and 

target vehicle at opposite ends of, and the target vehicle 

beyond1 the end of, the measure,] distance. Make 3 movin~ mode, 

constant speed, appr~aching runs in each direction, recording 

t]~e si~eedometer readings of e,lch vehicle and the ra~]ar device 

s oee~1 disi~lay rea.~ing. A stopwatch may be used to obtain 

the tr:Je vehic]e spc~e~l. Average the 6 speedometer and spee,] 

~isi~lay r eadin:ls. Calculate the true target vellicle s.oeed, 

th~ target vehicle correction factor and the indicated 

radar spee, +1 reading. Repeat this t~,-,~cedure ,ising a patrol 

s[~,~.ed of 20 mph (16 kin/h) and a targe t sp~e,~ 06 55 mph 
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(88 kin/h) and using a patrol speed of 55 mph (88 kin/h) 

and a target speed of 70 mph (112 kin/h). 

(e) For ra,lar devices with a moving mode, Eoliowing 

feature, repeat this proce~]ure using a patrol speed of 

55 mph (88 km/h) and a target speed of 70 mph (l[2 km/h). 
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Table l.--~1~nlmum Performance Requiremetlts f~)r Speed 

Measuring Radar Devices 

Performance Characteristic M i nim u.-. Requirement 

A. Tuning Fork Frequency Tolerance 

B. Radar Device Tuning Fork Speed 
Tolerance 

÷ 1/2 % 

+ 1 mph (÷ 1.6 kin/h) 

C. Microwave Frequency Variation 

D. Input Current Variation 

10,500 - 10,550 MHz (X-Band) 
24,050 - 24,250 MHz (K-Bandl 

I0 

E. Radiated Output Power Variation 

F .  Antenna Horizontal Be&~ Width 

+ 1.5 dB 

18 ° max (X-Band) 
15 ° max (K-Band) • 

G. Antenna ~Jear-Field Power Density 

H. Radar• Device Speed Tolerance 
During Vlbration 

I. Low Supply Voltage ..... 

J. Display Readability Contrast 

K. Display Readability Height 

L. Target Channel Sensitivity, 
Stationary Mode 

M. Tareet Channel Se'nsitivity, 
Movln? Mode 

N. Target Channel Speed Displays 

O. Patrol Channel Speed Displays 

As specified by mfgr 

+ 2 mph (÷ 3 kin/h) 

10.8 V max 

.... 2.5 

.4 i n  (I cm)~ 

< 10 dB 20 to 90 mph (32 to 144 km/h 
< 3 dB 60 to 90 ~mph (96 to 144 km/h 

< i0 dB 40 to 90 mph (64 to 144 km/h 
< 3 dB 60 to 90 mph (96 to 144 km/h 

20 mp'h. (32 kin/h) max low speed 
100 mph (160 km/h) min high speed 

20 mph (32 kin/h) max low speed 
55 mph (88 km/h)min high speed 

P. Patrol Channel Speed Changes 

Q. Accuracy, Statlonary Mode 

R. Accuracy, Moving Mode 

+ I mph (1.6 kin/h) for 
3 mph (4.8 kin/h) per sec 

+ 1 mph (÷ 1.6 kin/h} 

+ 2 mph (÷ 3 km/h) 
m 
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Michigan Radar Task Force Performance Standards 
for Existing Speed Measuring Radar Devices 

September 15, 1981 

Speed measuring devices • currently in use by law enforcement agencies in the 
State of Michigan are for the most part, accurate, useful, and reliable tools 
in the hands of properly trained operators. The primary intent of new device 
performance standards and new operator training programs is to decrease the 
level of sk i l l  needed for the proper use of radar devices while simultaneously 
increasing the level of sk i l l  of officers who use them. This is to ensure 
that radar retains its acceptance as an essential law enforcement tool. 
A secondary, yet important, intent of the newdevice performance standards 
is to ensure a reasonable useful l i fe  for these devices, ease of maintenance, 
and reasonable mean-time-between-device fai lure under normalstorageand 
operating conditions. 

Two years of extensive laboratory and f ie ld testing has determined that radar 
speed measuring devices presently in service by law enforcementagencies 
in the State of Michigan can be operated rel iably by properly trained personnel 
provided the following two features are not present: 

i .  A mechanism for automatically locking a target speed in the display, 
i .e . ,  autolock; 

. A mechanism such as an audible tone and/or momentary locking of the 
display for warning operators that a displayed target is exceeding a 
present speed threshold, i .e . ,  violator warning. 

and provided the following two features are present: 

I. A minimum of two display windows for moving-mode radar so that the patrol 
speed and target may be displayed simultaneously. 

2. A doppler audio signal channel with gives the operator a tone that direct ly 
correlates with the displayed target's speed. 

Existing equipment shall either be qualified to override the twoundersirable 
features or they shall be taken out of service. Radar devices which do not 
possess the doppler audio feature, shall either have this feature added or 
shall be taken out of service bY October I ,  1983. (NOTE: A deadline of 
October I, 1983, has been set for either adding the doppler audio feature 
or for taking devices out of services which do not possess the doppler audio 
feature. This two-year period is given because of the expense required to 
add the audio feature, approximately $300 per unit. Without the audio feature, 
operators wi l l  have to be very selective in terms of roadway and t ra f f i c  
conditions forwhich such a radar device is used.) And, f ina l ly  a moving- 
mode radar device which possess only one display window shall either be modified 
to operate only in the Stationary mode or i t  shall be taken out of service. 
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Summary: This notice establishes minimum performance requirements for the 
procurement of speed measuring radar devicesthat w i l l  be used by law enforcement 
agencies in the State of Michigan. The intent of this standard is twofold: 
First, the standard spec i f iescr i t i ca l  operational capabilit ies and features 
of speed measuring radar devices so as to ensure that a properly trained 
operator can use these devices rel iably on Michigan roadways; and this wi l l  
enable radar to retain i ts acceptance as an essential law enforcement t oo l . .  
Second, the standard specifies that the parts and overall construction of 
these devices are such as to ensure reasonable useful l i fe  for these devices, 
ease of maintenance, and reasonable mean-time-between-device-failure under 
normal storage and operating conditions. (NOTE: As o f the  date of this 
document, NHTSA has developed, but not yet enacted, a regulation dealing . 
with performance requirements and-test methods for evaluating speed measuring 
radar devices. Once enacted, this.Federal regulation wi l l  supercede the 
Michigan Radar Task Force Performance Standards for New Speed Measuring Radar 
Devices.) . .  

Performance Standards: 

. 

. 

. 

. 

5 .  

6. 

l .  

D e v i c e s  may be one-piece or.two-piece contruction..One-piece devices 
with moving-modecapability must possess a suitable mounting bracket. 
to secure the unit for moving-mode operation. • Two-piece devices must 
possess a suitable antenna mountingbracket and suitable hardware .for 
• securing the.display module to this antenna bracket or .to some other 
f ixture wi.thin the patrol vehicle. " . . . .  

Theminimum display range for the target channel Shall be 15 mph to 
129 mph for both stationary and moving-mode radar. 

The minimum display range ~or the.patrol channel formoving-mode radar 
shall be 15 mph to 79 mph. . 

when the radar device is,operated in •either the stationary..or moving- 
:mode, its target channel signal processing sensit ivi ty shall not vary 
by more than 10 db for targets traveling at speeds between 15 mph to 
129 mph nor.more than 3 dB for targets traveling between speeds of 60 
mph to 90 mph. (NOTE: • For moving-mode radar, this requirement holds 
for al l  patrol vehicle speeds on .the range 15 mph to.79 mph, but i t  
is understood that there is  an exception for target speeds within +I 
mph of the patrol speed.sincenotch f i l te rcharac te r is t i cs  may cause 
the target.channel signalprocessing sensit iv i ty to drop below 10 dB.) 

The minimumtemperature rangeshall be-22°F to.+i40°F. " 

The minimum operating.voltage range,shall be-t0.8 V to 15 V 

Over the entire range of target speeds, patrol sPeeds,.operating tempera- 
tures, and. operating voltages, the accuracyof the target channel display 
shall be +I mph for stationary-mode operation and +2 mph formovingr 
mode operation, and the accuracy of the )atrol display shall be +I mph. 

- 9U- 



. 

. 

No f ixed part of the radar device shall come loose, nor movable part 
be shifted in position or adjustment, as a result of thefol lowing vibrction 
test for each orientation of the device: First subject the radar device 
to ,three5 minute cycles of simple harmonic motion having total excursion 
of 0.03 in applied i n i t i a l l y  to 10 Hz at a minimum rate to 30 Hz in 
2.5 minutes, then reduced to 10 Hz at a uniform rate in 2.5 minutes. 
Then repeat the above test for the frequency range 30 Hz to 60 Hz for 
a total excursion of 0.015 in. 

The device shall possess the following features: 

a. a l ight segment test; 
b. an internal counter test: 
c .  a doppler audio output whose tones shall be clear and in a frequency 

range that makes i t  useful to an operator for the fu l l  minimum 
ranges of target and patrol speeds; 

d. a volume control for the doppler audio channel; 
e. a squelch feature such that no audio output is present when a target 

speed is not being displayed and a manually activated squelch override 
feature; 

f. a mechanism which warns the operator that r f  interference is present 
and also automatically blanks the display before erroneous target 
display readings occur due to this interference; 

g. a mechanismwhich warns the operator that low-voltage Condition 
exists and also automatically blanks the display before erroneous 
target readings occur due to this condition; 

h. a power cable which is hardwired to the radar device and f i t ted 
at the other end with a male cigar type plug, "Safco No. 20" or 
an approved alternate; 

i. a power line fuse and appropriate over-voltage protection; 
j .  a range control which has a variable control capable of providing 

an approximate linear response (zero to maximum) over the fu l l  " 
range of settings; 

k. a miniinum of two display windows for moving-mode radar to display 
patrol speeds and target speeds simultaneously. 

I0. The device shall not possess the following features: 

ao 

b. 

a mechanism for automatically ,locking a target speed in the display, 
i~e., AUTOLOCK; 
a mechanism such as an audible tone and/or momentary locking of 
the display for warning operators that a displayed target is exceeding 
a present speed threshold, i .e. ,  VIOLATOR WARNING; 

I I .  Each radar device shall be accompanied by the following items: 

7 .  

b. 

a simple tuning fork for  stationary-mode and two tuning forks for 
moving-mode radar. (NOTE: these tuning forks shal l  be properly 
labeled with speed information, i den t i f i ed  for  X-band or K-band 
radar devices, possess a ser ia l  number, and be accompanied by a 
c e r t i f i c a t e  of accuracy.); 
an operator 's manual; 
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12. 

13. 

C- 

d. 

a statement that the radar device complies with al l  appropriate 
Federal regulations; 
appropriate mounting brackets for the antenna and display module. 

Radar devices shall be appropriate to the patrol vehicle used and the 
nature of the roadways on which the device are operated. (NOTE: Agencies 
procuring radar devices should set forth in their Request for Quotations 
the types of roadways that the radar devices wi l l  be used on--one-way 
city t ra f f i c ,  two-way ci ty t ra f f ic ,  two-lane highway t ra f f i c ,  multiple, 
lane undivided highway t ra f f i c ,  and multiple-lane divided highway t ra f f i c ,  
and the type of patrol vehicle(s) in which the devices wi l l  be used.) 

The device shall be of rugged construction and reasonably resistant 
to moisture and other forms.of contamination that might affect the device's 
performance or rate.of repair, and labels, connectors, switches,.and 
dials shall be durable for the reasonable l i fe  of the device. Moreover, 
the device shall• be capable of being maintained at a reasonable, cost. 
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Appendix 

Sample Request for Quotation . 
for Measuring Radar Devices 

The purpose of this appendix is to assist law enforcement agencies in the 
State of Michigan in the preparation of a "Request for Quotation" for speed 
measuring radar devices. Although a particular agency may have a special 
reason for specifying X-band or K-band radar, two years of •laboratory and 
field testing have failed to determine that one type is superior to the other. 
Basic device engineering and device quality control appear to be the keys 
to Overall performance. Several options are possible and are indicated next. 
Also, agencies should state in the preamble to their Request for Quotation 
the nature of the roadways that the devices will be used on, as well as the 
type of patrol vehicles used. 

! • 
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Quantity Unit 
Commod i ty 

No. 

Sample 
Request for Quotation 

"Speed Measurin 9 Radar Devices" 
Unit 
Price Amount 

Two Piece With Moving & Stationary Modes 
Please indicate X or K Band. 

One Piece, Hand Held Witn Moving & Stationary 
Mode--Please indicate X or K 
Band. 

One Piece, Hand Held Stationary Mode Only 
Please indicate X or K Band. 

Speed measuring radar devices must conform 
to the Michigan Radar Task Force's Perfor- 
mance Standards for New Speed Measuring Radar 
Devices--September 15, 1981, and to all pre- 
vailing Federal requirements. The following 
additions and exceptions must be considered 
by bidders and adhered ~o. Each bidder must 
indicate in detail any exceptions that his 
product fa i ls  to comply with. 

i .  Radar units of two piece construction shall 
have a connecting cable of three (3) feet in 
length; 

2.~Power~cables shall be three (3) feet in 
length, one end hardwired to the radar 
device, the other end shall be f i t ted 
with a male cigar type plug, "Safco 

• No. 20" or approved alternate. 

3. The antenna mount for moving-mode radar 
devices shall be an inside vehicle type, 
close to windshield giving minimum obstruc ~ 
tion to the driver's v i s i b i l i t y  and minimum 
mechanical interference with driver. The 
mounts for two-piece radar units shall hold 
the read-out module and.antenna securely so 
they wi l l  not be dislodged during normal 
patrol car maneuvers. , , 

4. The display module shall be of a light color 
non-glare finish with a padded protective 
cover. There shall,be no exposed sharp edges 
or corners. 

Hand held units,shall also be of a light 
color non-glare f inish. 

2 
i'.k 
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.Qua,_1 t i iv_ U_.n_i_t.. 
Commodity 

No.  ~_peed Mea___surin 9 Radar Devices" 
Unit 
Price Amount 

5. Options: Please quote separate cost for 
items A-F. 

A. Manual display speed lock $ 

B. Auxiliary speed display $ 

C. PF stand-by mode switch, activated by 
an on-off toggle switch on a three (3) 
foot cable $ 

i 

D. Service manuals, to include complete 
schematics, printed circui t  layout prints, 
parts l is ts ,  and explanation of the 
technical theory of operation. $ 

E. Luggage type carrying case •$ 

F. Alternate. power source (battery) complete. 
with shoulder strap, and charger $ 

• , ,  " 

6. The unit shall be fu l ly  warranted against al l  
defects in materials and/or workmanship for one 
year. All parts and labor wi l l  be furnished by the 
manufacturer. 

On or before bid opening date , one ( i)  unit 
(Production Model of each type) complete with 
mounting brackets shall be provided along with 
all other material required. This unit may 
be subjected to f ield and laboratory examination 
and testing to ensure i t  conforms with bid require- 
ments. Devices which fa i l  to meet bid requirements 
wi l l  be returned at the bidders expense. 
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FIELD STP2~3GTI! ..'IEASUR~;',ET~TS .OF SPFED ~.~EASURI:TG RADAR T.~$ITS 

r~ational nureau of Standards 
Washington, DC 20234 

The objective of this project was to measure the 
microwave radiation emitted by speed measuring radar units to 
obtain a data base for evaluating the potential radiation 
hazards of these devices. Measurements were taken both in 
free-space and with the radar units mounted in typical 
operating:positlons inside or attached to a four-door sedan. 
The free-space measurements were made at four different 
distances to determine the field strength as a function of 
distance from the radar units. Calibrated radiation level 
probes wereused to measure the field strength inside the 
automobile and scan the interior volume of the four-door sedan 
with particular attention to the driver and passenger 
locations. Twenty-two radar units were involved, and the data 
are presented in a power density format. 

Key words: Doppler radar; field intensity; hazard; microwave 
radiation; power density; radar unit; radiation level; speed 
measuring radar. 

i. INTRODUCTION 

The objective of this project was to accurately measure the micr~¢ave 
radiation emitted by speed measuring radar units in order to obtain a data 
base for evaluating the potential radiation hazards of such devices. To 
meet this objective, the following two measurement tasks were undertaken. 

Task I. Free-Space Measurements: Direct measurements of the field strength 
levels surrounding 20 differentradar units were made in the laboratory 
under approximate free-space conditions. In order to obtain data in the 
side- and back-loberegions as well as in the dlrectionof the main beam, 
measurements were made at selected points on an imaginary spherical surface 
centered at the aporture of the radar Unit. Further, measurements were made 
at several distances in order to determine the field strength as a function 
of distance from the radar units. 

Task 2. Vehicular Measurements: The radar units were mounted inside or 
attached to a four-door sedan in normal operational configurations. 
Calibrated radiation level probes were used to measure the field strength 
inside the automobile and to scan the entire interior volume of the vehicle, 
with particular attention to the driver and passenger locations. _"~is task 
provided data on field strengths inside the automobile under simulated 
operating conditions. 

*Electromagnetic Fields Division, Center for Electronics anr~ ~]ectrical 
Engineering. 
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2 . 'TZLr,;; 1 ;tEAsuP~rCZ,..'~TS 

2.1 General Approach 

The purpose of this task was to measure the fiel~ intensity in the 
region surrounding each radar unit and to determine and display the power 
Censity as a functiom of direction and distance from the radar. The 
.-,,easurements were Performed at the ;;ational ,",urcnu of Standards (::D,r,) near- 
field scannin, facility employing standard antenna measurement techniques. 

The experimental arrangement and coordinate system are shown in fi-ure 
I. The radar was mounted on a model mount aimed at a small receivine 
antenna (probe), and aligned so that the aperture was in the x-y plane and 
the c~irection of the main beam was along the z-axls which coincided with the 
axis of the recelvin~, probe. The radar was then rotated (scanned) a full 
360 ° about the y-axis (8 rotation) and the received siqna] was recorded 
at 5 ° intervals in 8. ::ext, the radar was rotated by I0 ° about its ovm axis 
(¢ :'ot,~tion) and the 8 scan ~tas repeated. (:'fete that, as shown in,Figure i, 
the C-rotation axis coincides with the z axis for 8=0 ) This process of 
stepping in ¢ and scanning in B was repeated until data had been obtaine¢ ~ 
over the entire measurement sphere enclosine the radar. The conplete 
process was repeated for several separation distances, d. 

Model 
Mount 

\ 

Radar 

y 

I 

Receiving Probe - 
~ /  / Receiver and] 
...._ .. -1--------~Data Recording I 

ary Antenna. 

ator 

. r  

~1~ure i. ":::)erir:ental setup used for P easurin~ electroPaqnetic 
field strength in the vicinity of speed radar units. 
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' The received power, PR, picked up hy ~he probe was determine~ by means 
of a calibrated receiving system. The power density, !~, incident on the 
receiving probe, was determine~ from the relation 

4~P n 
W = "" (1)  

AzG 

In this equation, G is the gain of the probe and A is the free-space 
wavelength of the energy emitted by the radar unit [I] j. 

2.2 Description of !!easurement System 

The measurement system is shown schematically in figure 2 as connected 
for power-density measurements. The signal generator, rotary-vane 
attenuator (RVA), thermistor, and power meter were only used in the 
calibration process to be described later. The r~st of the system 
functioned as follows. The electromagnetic (E~!) field emitted:by the radar 
was sampled by a small probe antenna. ~he probe output signal was detected 
in the mixer and amplified and measured in the receiver. Finally, the 
amplitude was digitized and recorded on magnetic tape for later computer 
processing. A coaxial mixer was used for the X-Band measurements and a 
waveguide mixer was used at K,Band. The receiver used was a calibrated, 
three-channel, wide-band, phase-amplitude model. 

Radar 

Signal  
GenePator 

Probe Mixer 
B 

A u x i l i a r y /  
An tenna  

Receiver 4_ DigitIzer ] 
• | .  

I 

Figure 2. Schematic diagram of measurement system used to determine 
pow~.r density. As shown here, the system is connected 
for measuring the probe output produced by an incident 
electromagnetic field. The auxiliary antenna and 
circuit provide a stable reference signal to which the 
receiver is phase locked. A 1 mH calibrating signal 
is established at point A by means of the calibrated 
thermistor, power meter, and rotary-vane attenuator 
(P~A). 

*~!urbcrs in brachets refer to references in appenr]ix A. 
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• In order for the receiver to have sufficient sensitivity to detect the 
weak signals existing in the side- and back-lobe regions, it must be phase 
locked to the radar. Since it was not feasible to connect a cable to th~ 
radar, the phase-lock signal was provided by means of an auxiliary antenna 
and mixer ~hich responded to the side-lobe energy radiated by the radar an~ 
~,rovided a constant signal for phase locking the receiver. T:ote that the 
auxiliary antenna and mixer were mounted on the rotator (fig. I) so that, as 
the radar was rotated in azimuth (8), the relative positions of the radar 
and auxiliary antenna remained unchanged and the phase-lock signal remained 
constant within +].0 dB. As the radar was rotated in 9, changes of as much 
as +3 dB in the amplitude of the phase-lock signals were observed, due 
mainYy to the change in polarization. However, the receiver remained loci:cO 
during these changes and, since the data were recorded only during 0 scans 
with constant ~, these changes of amplitude in the locking signal were of no 
consequence. The auxiliary antenna was mounted below the probe and well out 
of the main beam, so there was no significant interaction between them; that 
is, the auxiliary antenna did not noticeably perturb the field measured by 
the probe. 

The auxiliary antenna used for the X-Band measurements was a broadband 
conical spiral with Type N connector and it was connected to a coaxial 
mixer. The K-Band auxiliary system consisted of a standard gain horn and 
waveguide mixer. 

2.3 Calibration of Measurement System 

2.3.1 Calibration Procedure 

Absolute calibration of the power density measurement equipment was 
accomplished by means of the signal generator, attenuator, thermistor, and 
power meter of figure 2. The signal generator provided a calibrating signal 
of constant amplitude and frequency. The p~¢er of this signal at point A 
was measured by the calibEated thermistor and power meter combination, and 
accurate changes in this power level were accomplished by means of the RVA. 
The procedure for carrying out the calibration was as follows. 

The radar was set at 8-0 and 9m0 , Inwhich case the probe measures 
th~ power in the main beam and the probe output Signal was near a maximum 
for that distance. Under these conditions the receiver amplitude was set at 
90.00 dB. :~cxt, the signal generator frequency was set ~qual to the ra4ar 
frequency and, with the RVA set at 0 dB, the signal generator amplitude was 
adjusted so that the power meter indicated I mW. This means that 1 mW of 
power was available at A if the thermistor and power meter had been 
calibrated correctly and all mismatch effects taken into consideration. 

The next step was to disconnect the auxiliary mixer from the auxiliary 
antenna and connect the mixer to the signal generator as shown in figure 3. 
This link provided the required phase-lock signal for thereceiver. The 
transmission line connecting the .~IA to the thermistor was disconnected at A 
and connected to the primary mixer at B in place of the probe (see fig. 3). 
Following these connections, the RVA was adjusted until the receiver again 
read approximately 00.00 dR. The attenuator reading was noted, along with 
the offset from zero on the receiver. Finally, the circuits were 
reconnected as in figure 2 to make sure that no significant drift occurred 
during the calibration . . . . .  

qhe above procedure determined the output power from the probe at B with 
respect to 1 m~. In other words, if the final RVA setting was !: dB and the 
receiver offset was L dR, then the prob~ output signal would be (K+L) dR 
below 1 m~:. Eq (I) can then be used to calculate the incident on-axis power 
density, and the power densities at all other points are known since they 
were measured with respect to the on-axls value. 
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Radar 

• " % 
Auxl.llary....~" 
Antenna 

Mixer 

Thermistor 

Source 

Receiver 

Mixer 

Figure 3. Schematic diagram of measurement system as it is 
connected for calibrating the probe output signal. 
The i mW calibrating signal is inserted at n and 
compared with the signal produced by the probe 
antenna (see sec. 2.3.1 for details). 

This calibration procedure was repeate@ at every measurement @istance 
used for each radar. 

2.3.2 Estimated Measure~,ent Accuracy 

According to eg (I), the accuracy of the measured po~er density depengs 
on how accurately the received power is determined by the calibration 
procedure of the preceding section, and on how well Gp, the gain of the 
probe, is known. The accuracy of the P~ calibration depends, in turn, on the 
accuracies of the attenuator, thermistor, power meter, and receiver. An 
additional factor is the degree of repeatability associated with the 
disconnection and connection of the transmission lines and probe at points A 
and B of figures 2 and 3. Any amplitude drffts in system components er in 
the radar itself will also affect the repeatability. 

The RVA is a caiibrated, precision laboratory standard with an uncer- 
tainty of less than +0.02 dB over the range g to ?g dD used for these 
measurements. The thermfstor mounts were calibrated t6 account for mismatch 
effects, loss due to absorption within the mount but not in the thermistor 
elements, and the de-to-microwave substltution error. The estimated 
uncertain£y associated with the therTnistor mount is +0.0~ dB, and the 
uncertainty of the power meter used with the thermisto~ mount is ~0.13 dn. 
The uncertainty due to non-linearity of the receiver is ~.04 d~. 

The repeatability error was determined by repeating the procedure of 
section 2.3.1 and observing any variations in the attenuator setting and 
receiver readings. The final receiver reading, following reconnection of 
the probe, was especially significant for indicating drift and flange 
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",'": ~:ction errors. The ,:ncertainty r~ue to non-repeatability was estimated 

The theoretical £ra!n v.~lue c f ~ac': prob.~ at th~ fr~quoncy of interest 
','~s ,,sed. These values are: 

:(-~and (10.53 GHz) I~.7 d~+9.3 ;~ 

!:-~and (24.15 G!Iz) 6.7 dB+0.3 dR 

These gains could have been determined to within +~.i dP by careful 
calibration, but~it was not considered worth the added effort and expense in 
view of the other errors associated with the measurement. In addition, 
there is undoubtedly some variation in the output of different radar units 
of the same model, so there is not much to be gained by testing a particular 
radar to such accuracy. A near-zone gain correction for the X-Dand probe 
~as required at the closest separation distance and has been included in the 
calculations. 

The errors associated with these measurements are summarized below: 

Source of error 

Rotary-vane attenuator 

Thermistor mount 

Power meter 

~eceiver non-linearity 

Connector repeatability and system drift 

Uncorrected mismatch error • 

Probe antenna gain 

Uncertainty 
(in decibels) 

+@.~2 OB 

+0.06 dB 

+0.13 dP 

+0. n4 dB 
- °  

+O. 30 dB 

+0.i0 4B 

+n. 3n dB 

Total error sum: +~.95 dB 

The listed errors are approximate worst-case values and, since the errors 
are uncorrelated, the sum represents a conservative estimate for the total 
error. , 

Although an estimated error approaching +i dB may seem rather high, it 
should be noted that radiated power density is a particularly difficult 
parameter to measure with high accuracy because of the many variables and 
precise calibrations involved. In this case, the two largest sources of 
error were associated with the gain of the probe antenna and with connector 
repeatability and system drift. As has already been mentioned, the gain 
uncertainty could be reduced to +0.i0 dg by careful calibration, and the 
repeatability could probably be improvel to 0.i0 to ~.15 dR through the use 
of precision connectors. These improvements would result in an overall 
error of approximately +0.5 dR, which is about the best one could expect. 
However, considering the variability that exists among radar units of the 
same type and the variable effects of the immediate Operational radar 
environment on the radiated field strength, the approximate +0.3 dB 
improvement in accuracy did not justify the use of the more expensive and 
time-consuming techniques required to achieve it. 
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2.4 Measurement Procedures and Results 

2.4.1 Alignment and Measurements 

The mounting arrangement is shown in figure 4. A ring mount was 
constructed which clamped to the radar being measured. The ring mount was 
attached to a tilt plate which was, in turn, ~ttached to a translation 
plate. The translation plate was bolted to the model mount. A handgun is 
shown mounted in figure 4, but the same basic arrangement was used for all 
the radars tested. Care was taken to assure that the radar aperture w3s 
always well in front of the metal mounting ring to minimize pPrturbation of 
the pattern by the mount. 

j 

Translation 
Plate Tilt Plate Ring Mount 

/ 

Figure 4. Mounting arrangement used to support radars so that 
they could be properly aligned for radiated power 
density measurements. .. 

Although mechanical, optical, and electrical techniques for antenna 
alignment were employed, the final test involved only electrical 
measurements ot the fields emitted by the test antenna. Proven methods were 
used for the precise alignment of each radar. The objective was to assure 
that the radar axis coincided with the ~ rotation axis of the mode] mnunt 
and that for 8=0, the axes of the probe, radar, and model mount were all 
coincident with the z-axis of the coordinate system of figure !. ~nce this 
was accomplished, the z-posltion of the radar was adjusted sliqhtly by 
moving the model mount with respect to the azim.uth rotator until rotation in 
8 produced minimal phase variations. ~his adjustment was done to m]acP the 
rotation axis at the phase center of the radar. 

After the alignment was completed, a set of data was nbta~nec! by 
rotating the radar 360 ° about the 8 axis, recordin~ the fielc ~ strength ,~t 5 ° 
intervals in 8, and repeating the process for in ° increments in ~ until the 
entire sphere was scanned. This procedure yJelc!ed data along the ]0 ° 
meridians of a sphere. 
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The total power density is the sum of the po~er densities associatod 
with two orthogonal field components. Therefore, at each measurement 
distance, two complete scans must be performed, one for each component. 
Since the probes were linearly polarized, they were oriented to respond to 
the vertical component for one scan and then rotated 90 ° to respond to the 
horizontal component for the second scan. The entire process ~+;as carried out 
at four distances for each radar, the d~stances being I, ~, 6, and 12 ft 
(30, 91, 183, and 366 em) for the X-~and radars and I, 3, 6, and 1 ~ ft (3n, 
91, 183, and 305 cm) for the K-Band radars. The largest K-Band distance was 
restricted to i0 ft (305 cm) because the probe assembly was longer than the 
X-Band probe and the overall distance available was limited by the length of 
the rails on which the rotator was mounted. At the shortest distance, 12 in 
(30 c~n), the rotation about the 8 axis was limited to the range -135 ° to 
+135 ° in order to avoid hitting the probe antenna with the rear of th~ mod~l 
tower. . 

2.4.2 Results 

The power density values were obtained as follows. ~esults of the 
calibzation procedures described in section 2.3.1 were analyzed and used to 
calculate the received power at the on-axls reference point, which we shall 
call P~. The values of PR obtained during the scanning process were measure.:~ 
relative to this on-axis value. Once P~ had been calculated, the received 
power ~n m~q at each measurement point was determined and th~ correspondinq 
incident power density was the n c01culated by eq (I), for each point. The 
powez densities for each component were summed to give the total power 
density at each point. These calculations were performed using the ~IBS 
computing facilities, and one of a variety of plotting routines ~as selected 
to display the results in graphical form. 

In order to determine the symmetry of typical radiation patterns, 
contour plots li]:e that in figure I~ (s~ sec. 5) were generated for 
selected radars. :~ote that the beam possesses circular symmetry ~own to 
about 23.4 dB below the peak (42 dB below 1 mW/cm 2 ). This symmetry is 
typical of all the radars tested. ~ecause of the uniformity between radar 
units, it was decided not to provide contour plots for each distance for ~n 
radars. 

A graphical display which presents the power c!ensity information in a 
more useful form is the polar coordinate format used in figures Ii through 
5,~. 'These graphs display the power density in m~.'/cr, 2 or dD ~.:ith respect to 
1 m~:/cm 2 as functions of the angle Off axis and the distance from the rar!ar. 
Each figure has four curves, one for each r~a~uromcnt distance, anrl fig~Ires 
were prepared for both the vertical (elevatio.,) and horizontal (azimuth) 
pattern cuts in order to display the effects of any sig~ificart a.-,y~Jnetrirs 
which might exist. The vertical an~ horizontal F lanes ar n defircc! ~lit ~- 
respect to the radars when mounted in their norm.,al tIprlght cor fic.ur,~tions 
and pointed horizontally as in figure i. The horizontal and vertical cuts 
correspond to ¢=0 and 90 ° , respectivel~. In each figure tho oriqin 
corresponds to a power density of 10-5 m11/cm -z . The power density in ~.q 
corresponding to a particular distamco an(1 elevation or azimuth angle (equal 
to 0 for these principal P!ane~cuts) is proportional to the length of the 
radius vector from the origin to the point selected on the perticular 
distance curve. Therefore, the inner curve represents the smallest po:¢~r 
density and + is for the largest distance from the radar. Th~ strong~st 
fields are associated with the "closest distance i2 in (3, cm) a::d are 
plotted on the outer curve. This format .nrovld~ s a qoo~ ~ vis~a 1 
representation of the field patterns as viewe~ by an operator posJtiorerl 
behind the radar and looking in the direction the radar is aime( ~. 

The nomenclature used to identify th~ radars + (h:-l, V-l, etc.) is 
identical to that used in tash 2 so that results bet~;r:~n tas}[s may %~ 
compared if desired. Fourteen X-Band and six IC-Eand radar units were teste~ 
durin@ task 1 and 15 X-Band and seven K-Band radar units were teste,] durimq 
task 2. 
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3. TA~T: ~ I:FAZU,"~.::~:'TZ 

3. ] :],~z.,.'ral ;:L,i>roach 

~ince si~,=e~.; ra,~a~- units arc usually mo,,nte,' o.- or ins ",'~ .~m a,,to.~.mkJle, 
cc.-c!.'.t'" :..r.vc~t[b"n':~c.~ r,~ -irrc:.:.-v~ r~.,~i~ti~ - ~-V.--'.~ r~quirP~, t.~t 

;-.~c a s'~:'c~.~e.~ t 3 '" " made i.~ si,~. c the autnmobi? ~.. unCcr norm,~ ~ o~.-r~ tin~ o-L. , . . 

.o .... ztic'.ns. .~ thls .~eans it is possible t~ ob.~ervo 2ny fie]'] er':ance~nt 
?~[ects_ i rc~h;c:.:C '.~'. t:le ~.uton:obilc erc]cs,Jre. ~,-.ch c. = ~_.~•.~ ~" r~;.ar units 
t~-ste~ ~ :'.~s "~ounte~ i': the po~itions in ~'hich it iz nor.~!]y us.~.], ~n ,~ 
calibrated field [;robes ~:cre used to m-asure the ~o~rer :~,:nsity (P:':/c~ =) 
t!:roughout th- inte;'ior of th,: car, prying partlcu~r attention to reqio.~s 
• :h~;.r,_- the head aud groin t~culd be !ocat,~'. 

~...? ."re;'es Us~-,: for the V~hicular ":easure~.e~ts 

T~:o differex~.t [.rob£s -:ere nse, ~ for these .-..eas~trements. ~n ,,-,c ",~,L~? 
-~"--[C ~!Pctric ~nergy De.-.slty "leter ~'~s :,se, ~ for the m-~st,rerae~ts J.,vo1,,i,a 
t ''~_ .... t..~n,' (i~.5.".5 CHz) radars. This "~.S probe ~,o,s not o neret~ above "'- 
5"and, so a coP m~erical Electromagn~tic qadiation :'onitor %~as use~ for the :'- 
~an :~. (?.~.15 GI'z) ueasure~.ents. ~he sensor antennas in both ~robes co.-sistP ~ 
ef three orthogonal di[:oles in or<~.er to achieve isotroplc response natt~r~.s. 
q'.h.: measurements are, therefore, quite ins~nsltive to the orie.-tatior of ~.he 
• l)ro},e with res~ect to the flel,] being m-asured., as long as the probe h,nr~]e 
J n not [~oint,,,~ to~;ard the ra~ation source. The ::RS pr0.be u~cs ~iodPs ,=.or 
the ,'.ctecting eler~ents, ~:hile thc commerical unit employs tb.erno~.ou.~.~es. 
Consequently, the "T~S probe has greater sen~-itivlty; Its thr~sho]~ response 
},eing 0.001 ,:v-~/cm =. :.~ith t.be comn.erlca] meter, the minim~t~. 4~tectab]e power 
!~:~nity ,,'zs ~."I r:":/cT,~ z . Both Probes make use of hlgh-res~stanee leads 
b.~t~,~cn the sensor an(] metering unlh to -limlmate pic,'-uV by the leads which 
'.~cul '~ 5encrate an 2rror signal. 

The meters were. calibrated |:y the free-space stan,:~r~.-flel~, m~t%o~ ~.,hich 
is illustratcC in figure 5. The power ,~,enslty, W, at a point on th~ 
transPitting axis at a r~istancc d from the standarr? gain horn is given by 

. PT G 

4wd = , .~ _. •. 

'.,here -"T is the net [.o:.:er ¢!ellvered to ~.he horn • and G is the effcctlv~ gni:~ 
of the horn. The gain w~s c~.eternlned in . adv0n¢~. [2] an~ PT ~nc~ 9 ~.-ere 
r',~asure~3 an part of the calibration proce,]u~e. She ineld~nt power "i an~ 
reflocte,~ po~rer Pr ~/ere monitorec ~. ~.llth the coupler si(:earms, .~n:: ~ = Pi-Pr 
"hen " had been deter.~.ined at a particular nolnt th. ~ probe ,,p[~.,'~T 

• , , ca i ibrat~,~ 
:.:as • ]~c,:r'. at this s~me l:oint in t.h~. !-hewn flel -I .~nr I. ~ proh~ corr~ctlo~ 
factor ~:.~s obtaine,~ from the ratio o~ ".the ~ctual pover !~ensity to the 
in~]icated ?o':er .~ensity. 

The error in thn .basic calibration ~:as ~stl.-ateP to be +".5 dD (].?~:'). 
l'o~:ever, in actual use, addltional uncert~i~.tl-s .~rose ,~.um ~.O such things os 
[u,]tii:ath e~fccts, perturbation of the field by the operate@, ancl the fact 
that the ::robe ~/as calibrator ~, in a plan~.-~/ave fle]d but w~s use~ in a mor~ 

n I 

co:,!:IP:" ~le].~. configuration. "a!:ing all o_ ~ these factors into conslr1~ratlon 
rcsulte,: in a,: estim.~ted ow~ral] ~eas~rement uncert~.inty of +l.q :~.D (."5~). 
...... ou~,~ it .'.'ay s,'?r.: rather high, a +I.". r~.~ ,~neertalnty Is Very gee; for 
,- .I ~c t :'e:"a gu, .ti:- fiel '~ r,casurement3 pP.{for~-.eP, i~ such a comp]icated 
cle(:tromaguetic enviro;~r,~,nt. 
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Figure 5 .  Diagram of the basic experimental arrangement required for the free-space 
standard-field method of calibrating microwave hazard meters. 

• ~ B, • 



3.3 ~easurement Procedures anO ?esults 

Prior to ma]:ingmeasurements insic~.e the automobile, the po-;er ~.cnsJ.ty " ~ n  

the r~ain boa~.~, close to the aperture, ~as determine( ~, ],y holc~ir:g the }~ro~c. 
directly in front of the aperture as sho~.~n in figure ~. Thes~ results are 
listed in column 2 of table i. The m~::imum power density radiate,~ to the 
sides and rear of each unit was also 4etermined 1~y moving th~ probe over the 
surface of the unit as shown in 'figure 7 and observing th~ maxi:-,,~ 
indication. These values are listed in column 3 of ta~,l{: I. 

['ollo~ing the above tests, the ra.~.ars ~.~ere mounted in, on or hand-h,. -~-: 
i:. a ~eu':-.door sedan in the various operatinc, positions indicate..: by the 
ntu.~ers iz, figure 8. In positions 1 and ~ ", the radars ~:ere hauc--he~_ -~. a~," 
ain:ed through the ~;indshield. Position 5 is ~',e com.~.on dashboard :,ount ,'=~.: 
t',~c radar ~i~e ~ forw~r,~ = "  "" • - ( .... =. 9"), nr.'l 5". "s the ..~a-o .~rrn~cc-r'.-r.l-. ':.! ~'.,- ~',:. • 
ca$.ar :~l:.e.' to the rear .... ougA the !.%~'" ~:in~:o~; (fig. 9b). In Fes_~ticn': 
a.n,: 7 the radars ~.'cre !~and--ho!d and ni~,cd out the left and right front =i-~e 
:~indo~;s respectively For :~ositior. ~ ~%~ r~"ar :.'an ~+,~%e; to ~'-~ ~ ; ~  
of the ri-:'~ oz.._ rear ~inCo~, ~.nc ~ ai.~.ec ~ for~:nr:" through t}~c ~,in~.shi~!~ TM :~hi!,, "~ 
?osition ~, the ra(~.ar ~-as ~ttached out~i,~e t':~ ]eft rear ,~.nr~.e~.: n.-.< ~. ~[-.~,~ 
6cr~:.~.rd. In position ~, thr. raSar ~:as ai~.~ to the rr~r thro,'.g:, ~-, '-tc~- 
:;inCe~z. 

~ac': radar unit ~'as mountc: ~ in each of ~he positions _~: ~;.hich ~.t :"z 
.... "usignc~" to operate, as indicated in co!ur~m ~ of t~ble i. "i~-~ the ragar is: 
.... ~_~ac'.~ "~sition,.~. ~the al:2ropric.te h.~zar, ~ pr~b~ ~,as use<" to ..survey t'2.~ =~-~:". . 
i.~:tcnsity throughout ~.h¢ interior of the auto~o~,ile. ~hc. maximu ~ iPo:"er 
c'ensities ebserve;, in th~ gener,~l rccions occupied by thP ,3ri,,er an~ ~. thr~e 
2azscncers (locations A throuc~h D of fig. ?) are GiVe-..in tab!~ l, co3~i~.zg 
~ 2. These recorder~ values represent th~ ma:-i~um levels observe:?; th,9. ~ is, 
there were no va.lu,-.s of higher r-~diation intensity in locations other than 

those whose power density values are listed in table i. 

t' ¢ " , 

. . !  

Figure 6. :leasurement of main-beam 
power density in the 
aperture region. 

Figure 7. Measurement of radiation 
in the side- and back- 
lobe regions. 
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Not to scale 

3~ ~ 
21 I A I ~<u---~ ' --~ 

= 62 I / I DISTANCES [in inches) 
~, = 37 I 

4--,B = 26 

/ '1 5 - ,B  = 30 

I I 8 - . 6  = 50 

• ~ - d - ~  a = 40 

. b = 1 2  

c = 23 

.. d = 18 

FRONT : 

Numbers are radar mounting positions. 
Letters are seat positions. 

Figure 8. Diagram showing the location of ra4ar mounting 
positions (i-8), seat locations (A-D), and 
distances between selected radar positions and 
seat locations used in describing field 
intensity distributions inside the automobile. 
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Table i. Results of vehicular power density measurements. 

This table contains results of measurements of field imtensities 
produced by the various radar units inside an automobile. The radar code 
numbers are given in the first column, with the K-Band units (24.15 GUz) 
designated by K-I to I[-7 and the X-Band units (ln.525 GHz) by Z-I to X-I~. 
Column 2 gives the power density in the aperture, and column 3 the maximum 
power density in the back hemisphere. The mounting positions of column 
correspond to the numbered positions of figure 8 as described in the text. 
The interior vehicular data are given in columns 5 to 8. Rlank entries in 
these columns mean that the fiel~ intensities were too low to read with the 
metcrs used for ~hese tests; i.e., the fields were <~.01 mW/cm 2 for IT-Band 
and <0.001 m~'~/cm for X-Band. 

:laximum 
Aperture back-lobe 

~adar power power Radar 
code density density mounting 
number (m~'l/cm 2) . (mW/cm) position 

K- 1 1.97 <0.01 

Y-2 2.40 O. 02 

I'-3 2.27 <0 .01  

K-4 1.83 <O.Ol 

K-5 ~.25 <0.01 

I:-6 2.7,9 0.02 

K-7 ].64 < 0 . 0 1  

:C-] 0.55 <0.001 

" - 2  0.73 0. n01 

Z-4 2.55 0.018 

;,,-s 0.3;, 0. o'901 

1 
2 
5 
5R a 
8 

1 
2 
5 
5.-, a 

1 
2 
3 
4 

1 
2 
3 
4 

1 

5 
ii] 

"~aximum power density at positions 
A, n, C, and D of figure 

(m~:/cm 2 ) 

A B C D 

0.01 O.nl 

n.nOl  

0.137 

0.091 

n.3~ 

o. Onl 0.0~? 0.nn2 
0.001 

0.001 

~.0~3 n.nnl n.nnl 
~.~2 

~.902 n.9~l 9.nn 1 
n.~01 n.gn3 o.3n I o.nol 
n.nOl n. OOl o.nol 

o.n02 O.On3 n.O~l 
N-~nl n.n21 n.nnl n.O~l 
o.qo2 O.O01 n.o~] 



Table i. 

Radar 
code 
number 

Results of vehicular power density measurements (continued) 

'~aximum Maximum power denslty at positions 
Aperture back-lobe A, B, C, and D ~f figure 8 
power power Radar (mW/~m) 

density denslt~ mounting 
(mW/cm 2 ) (mW/cm z) position A a C D 

X-6 1.19 0.002 i 
2 
5 
6 
7 

q.oqx 

Z-7 I.i0 

X-8 0.89 

0.00a 

0.002 

1 
? 
.2 
6 
5 

0.001 
0.002 O.O01 

0.001 0.002 
0.001 0.001 

X-9 0.96 0.004 

X-10 1.76 0.00~ 

X-II 0.46 0.001 

X-12 0.59 

3:-13 0.93 

X-14 0.48 

X-15 2.,29 

0 . 0 0 5  

0 . 0 0 3  

0.001 

O.O1S 

1 
7 
2 
6 
5 
5R a 

1 
7 
2 
6 
5 

Z 
7 
2 

5 

1 
2 
5 
6 
7 

2 
5 
6 
7 

1 
2 
5 
6 
7 

0 . 0 0 1  

0 .  001 

0.001 

0 .002  

0.Oql 

o . n n 2  

aside location as radar mounting 
tot2ard the rear of the vr,hicle. 

position 
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Figure 9. 

a) b) 

Typical dashboard mounting arrangement: 
a) shows the radar pointing forward, and b) 
shows the radar aimed to the rear through the 
back window. 

4. DISCUSSIO:! OF "EASU?2"~E:]T .".FSULTS FOR TAS;'S 1 ~"..D ? 

It is not the purpose of this roport to state what 3~v~ of 
electromagnetic fields constitute a health hazard. Such issues ar~ ]~t to 
those organizations and comrittees that have bmen established to perform an~ 
interpret research on the biological effocts of electromagnetic ~aves a~d to 
set exposure limits based on the results of such research. 

?ror~ the graphs of figures II through 50 one can obtain the e×p~cteP. 
~ower density in any desirec ~, r~glon of space. For example, from the 
horizontal cut for "'-i (~ig. 11), it is evident thnt, for distances areater 
than ~2 in (3~ c~) an¢1 for all angles, the power density is less than 0.2 
m:?/c ~, (-7 dS). Another why of using the curw~s is to r~etermine recionc 
~shere a specified pow,-r ~lensity such as 0.i mV/cm 2 is not excee,?,~r". From 
figure ii, it is clear that the po~.:er 4ensity is less than 0.1 r,"/cm 2 (-!" 
d~) at all angles for r listances greater thln about 3 r. in (?] cm) ,~n~ a~so 
for 3istances greator than 12 in (~ cm) if the anglr is greater thln 
approxir:ately +i0 o off axis. Similar determinations can b~ done ~or the 
other radars using the ap[:ropriate graphs. 

~e t i,-n 1910.97 of the ~ccupational Safety and Health ~ct (OS}IA) 
contains a qarliation Protection Guide (RPG) which applies to oxposure to 
electromagnetic radiation at various ~.r~quencies. At frequencies of In ':!!z 
to I~ ~ Guz, the ?2G allows exposure up to a power ~pnsity of I~ mW/cm 2 over 
any O.l-h period, or up to a power density of 19 mh'/cm ~ averaged over any 
9.l-h v~riod or more. Concurrently, a voluntary ".adio Frequency Protection 
Guide of 5 m:'/cm 2 for the 150~ MIIz to I", GIIz frequency range is under 
consideration for adoption by the ~2~erican ":ational Standards Institute. 
~:hether the [,o~er density ox.nosure limit remains at I~ mW/cm 2 or is lo~:~re4 
to 5 m~/c: ,2, the power densities measured at a 12 in (38 cm) ~istancr from 
the radar.; c]id not exceed either limit, even if operated continuously. The 
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K-hand radars tended toward higher powers and, since the antennas had more 
gain than the N-Band antennas, it was not surprising to observe that the 
po~er densities were generally higher for most K-Band units In fact, all 
except I[--5 had on-axis power densities of approximately 1 mW/cm 2 at the 12 
in (30 cm) cJistance. For comparison, the U.S.S.r. defines safe exposure 
limits at ]9 u~!/cm 2 for a whole working day or exposure for not more than 15 
or 20 min a day at i m~q/cm .? while wearing goggles [3]. 

The aperture • power density for most of the units, measure~ in task 2 
(col. ~ of table i) is a significant fraction (25 to 50%) of the existing or 
proposed maximum permissible exposure levels. Based on the back-lobe data 
(col. 3 of table i), one can conclude that all units are well-d~signed and 
packaged to provide shielding from leakage and bach radiation. There was 
not a single case of reverse-hemisphere radiation of sufficient intensity to 
cause concern. In most cases, the po~er densities were • -_I__ or less, of 
the exposure limit presently specified in the OSIIA guide. |000' 

The data in columns 5 to 8 of table 1 indicate that~he field levels 
inside the car do not exceed N.0:02 mW/cm z for most radar positions. The 
majo£ exception occurs in the data for ~:-I and X--2 which show •relatively 
strong fields at location A when the radar is mounted in position 3. This 
is to be expectedsince locationA, the front seat passenger position, is 
directly in the main beam for this situation. ~ote, however, that the field 
strength recorded at the driver location is still low. 

"T" 
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