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and technological services for industry and government, (3) a technical basis for equity in trade,
and (4) technical services to promote public safety. The Bureau consists of the Institute for
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THE INSTITUTE FOR COMPUTER SCIENCES AND TECHNOLOGY conducts research
and provides technical services designed to aid Government agencies in improving cost effec-
tiveness in the conduct of their programs through the selection, acquisition, and effective
utilization of automatic data processing equipment; and serves as the principal focus within
the executive branch for the development of Federal standards for automatic data processing
equipment, techniques, and computer languages. The Institute consists of the following
divisions:

Computer Services — Systems and Software — Computer’ Systems Engineering — Informa-

tion Technology.

THE OFFICE FOR INFORMATION PROGRAMS promotes optimum dissemination and
accessibility of scientific information generated within NBS and other agencies of the Federal
Government; promotes the development of the National Standard Reference Data System and
a system of information analysis centers dealing with the broader aspects of the National
Measurement System; provides appropriate services to ensure that the NBS staff has optimum
accessibility to the scientific information of the world. The Office consists of the following
organizational units:

Office of Standard Reference Data — Office of Information Activities -— Office of Technical

Publications ~— Library — Office of International Relations — Office of International
Standards,
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gives you $4.40 in change in the form of a ticket. This is a point of
sale. We still don’t have legislation on the control. I am sure it is
done right, but how long will this equipment that is working right
give you integrity in the proper change? These things have to be
worked out. '

The second trend is a greater movement towards surveillance.
Mr. Everett Black, in Ventura County, California, has worked in
that area, where the pressure is on the person who uses the device
—he needs to service and maintain his cwn accuracy and be respon-
sible. This action results in greater control and makes better use
of county personnel and resources.

Third, I think one of the things we are working for in the State
of California is the assurance that when you pick up a pound of
bacon, regardless of where it comes from, there will be one pound
in tfnat package even if quite a bit of it is water.

\‘%

by Davip W. Arraw, Frequency and Time Standards Section,
Time and Frequency Division, Institute for Basic Standards,
National Bureau of Standards, Boulder, Colorado *

CALIBRATION OF POLICE RADAR INSTRUMENTS

and

Franxk H. Brzoricky, Metrologist

Weights and Measures Section, Department of Agriculture
State of Colorado

In common use for traffic speed control is a
Doppler radar gun. The basic principle of op-
eration of these guns is that the radar signal
reflected from a moving vehicle is shifted in
frequency by an amount directly proportional
to the speed of the vehicle relative to the
radar gun. Intrinsically one sees that such a
radar gun is a frequency measuring device.
The typical way of calibrating these radar
guns is to place in front of the gun a vibrating

% tuning fork which produces a reflected signal
to which the radar responds as though it were a moving vehicle.
There exists a well-known relationship between this signal and the
speed of the vehicle provided the radar frequency is known.

A question raised by the judiciary system is how does one know
that a tuning fork used to calibrate a radar gun is at that certain

* Presentation was made by Mr. Allan,
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specified frequency. Because of this question, several of these tuning
forks have been brought to the Frequency & Time Standards Sec-
tion of the National Burean of Standards (NBS) in Boulder,
Colorado for calibration. For example, the radar guns now operat-
ing, using the Federal Communication Commission (FCC) allo-
cated frequency of 10 525 MHz (a “Hz” historically was designated
cycle per second), have a 50 miles per hour calibration point using
a tuning fork with a vibration frequency of 1569.54 Hz.

The demand for this calibration has increased to the point where
it has become quite clear that it should be set up as an ongoing
service. It seemed out of the context of the NBS mission and logis-
tically difficult to provide this service nationwide. However, a rea-
sonable alternative seemed to be to have the states’ standards
laboratories provide this service. A pilot program was set up with
the Colorado State Standards Laboratory to demonstrate feasibility
of a measurement system which would have traceability to NBS.

However, the possession of even an NBS calibrated tuning fork
is not enough. Some of the available FCC allocated frequencies for
Jaw enforcement radar include 10525 MHz and 24150 MHz; the
vast majority of current radar guns use the 10 525 MHz allocation.
Suppose, for example, that a radar instrument which was designed
for 10 525 MHz had a microwave oscillator which was detuned (out-
side the FCC allocation) to 12000 MHz; then that radar instrument
would measure a vehicle which was actually traveling 50 mph as
traveling 57 mph even though a 50 mph tuning fork made for that
gun would cause it to read 50 mph. Similarly, if a 50 mph tuning
fork made for a 24150 MHz type radar gun were used to calibrate
a properly functioning 10 525 MHz type radar gun it would cause
the latter to read 115 mph! For the protection of all parties, it is
essential that both the frequency of the radar signal as well as that -
of the radar instrument’s accompanying tuning fork be certified as
correct within accepted accuracies. To directly measure the frequency
of the radar signal is a nontrivial problem requiring sophisticated
equipment; however, an indirect measurement of the radar frequency
which can be easily implemented in the field is outlined below.

Fortunately, the microwave oseillators typically used in most radar
guns have proven to be very stable, and being solid state devices
they endure the rigors of field usage (e.g., shock, vibration, large
temperature and car battery voltage variations) and still read ac-
curately, i.e., = 1 mph. The FCC allocation tolerance is comparable
to an accuracy of = 0.1 mph at 50 mph, and two of the major vendors
in this country, which have sold about 20,000 radar guns, report
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that of the ones returned for repairs and maintenance almost none
of them were outside the FCC allocation tolerance. It is still recom-
mended, however, that the law enforcement officer using the radar
gun occasionally check the radar frequency by transporting the gun
in a vehicle with a calibrated speedometer, and while pointing the
gun at a stationary object compare the radar gun’s reading with that
of the calibrated speedometer. The readings should agree within 2
percent (% 1 mph at 50 mph) if the radar frequency is correct within
1 percent, the angle of pointing of the radar gun is within about 8°
of the direction of motion of the vehicle, and the speedometer is
calibrated to within * 1 mph.

The above procedure or one 2quivalent to it is mandatory for com-
pleteness because of the way the Doppler equation is used in most
speed radar instruments. The Doppler equation may be written :

Av 2veo0s0O

’
14 4

where v is the radar microwave carrier frequency transmitted by the
gun, Av is the radar signal received by the gun as reflected back from
the moving vehicle minus », v is the approach velocity of the moving
vehicle relative to the ground, ® is the angle between the pointing
direction of the gun and the direction of travel of the vehicle, and ¢
is the propagation velocity of the radar signal. Most, if not all,
radar guns are constructed to simply measure Av under the assump-
tion that © is zero (0), and that v is within the Federal Communi-
cation Commission (FCC) frequency allocation. Under these as-
sumptions the gun can be made to directly calculate and display the
value of » well within a 1 percent error. The tuning fork placed in
front of a properly operating radar gun simply generates the signal
Av commensurate for some velocity v under the same assumption
that if the tuning fork’s frequency is right the radar gun’s reading
will be right. However, if a gun’s radar signal v is off in frequency
(outside the FCC allocation) then this radar gun’s indicated veloeity
of g vehicle will be off by an amount directly proportional to the
amount v is off from the allocation assumed in the design of that gun,
even though a tuning fork used to calibrate the gun gave the right
gun velocity indication. The probability of being outside the FCC
allocation seems quite remote and hence the assumption made above
is very reasonable—making the tuning fork method a more con-
venient method in the field of checking the radar gun. All that ve-
mains is to determine a procedure which will assure that the tuning
fork’s frequency is right.
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NBS recommended an equipment configuration for calibrating
the radar gun’s tuning fork that would be relatively easy to set up
and operate, reasonably inexpensive, and yet with sufficient accuracy
traceable to the primary frequency reference operated by NBS. The
following is our first effort to achieve the above goals.

D=—>

Tuning Microphone Amplifier Frequency
Fork . Counter
Fiouge 1

In figure 1 there remain§ the unresolved question of how does oile
know the reference frequency standard in the frequency counter is
correct? Figure 2 shows a relatively inexpensive answer to this
question :

800Kz — [ L0 7]

Filter Fregquency
Counter

Amplifier

{303) 489-7111
WWV Time-of-day Service

Figuge 2

The format for the Standard Time and Frequncy broadecasts of
NBS radio station WWV provides a continuous 600 Hz tone during
every odd minute from 0 seconds to 43 seconds except for a 0.04
second hole where the second’s tick occurs, and except for minutes
9, 45, 47, 49, and 51 of every hour. Using this method with the fre-
quency counter set at a sample time of 1 second or & multiple of one
second, one can calibrate the frequency counter to better than 0.4
percent as limited by current telephone frequency fidelity specifica-
tions. Only 1 percent accuracy is required for the tuning forks.

The equipment configurations in figures 1 and 2 have been tested
for ease of use and for cross cuuntry telephone signal-to-noise
problems on the telephone and were very satisfactory. The equip-
ment cost of the components we used was about $500.00. A number
of other, different equipment configurations are possible and ac-
ceptable if they guarantee traceability to NBS; e.g., by use of the
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NBS Time Services either via telephone (figure 2) or via the radio
station WWYV., ,

The pilot program began in September 1974, Since that time over
200 forks have been tested for more than 40 law enforcement agen-
cies in Colorado and from Wyoming. All of the tuning forks tested
were found to oscillate within 5 Hz of the calculated (correct) fre-
quency (less than 0.2 mph error).

The acceptance by the enforcement agencies is enthusiastic, par-
ticularly for those police departments having court difficulties. About
40 percent of all agencies contacted quickly responded and have had
their tuning forks calibrated. About 10 percent of the departments
have indicated interest and their forks are slowly coming in. Forty-
eight percent either did not have radar units or did not have tuning
forks for the radar units. Two percent did not find it important to
have the forks calibrated.

Tolerances have not been developed for tuning forks as of this
writing. A tolerance of about *+ 1 mph seems acceptable which
corresponds to * 31 Hz for a 10 525 MHz radar gun. Most of the
tuning forks tested had a frequency averaging 2/10 of 1 percent in
excess of the calculated frequency for that particular speed. Note:
this slightly higher frequency is shaded to be a slight advantage to
the violator.

Reports have been received from several police officers that attor-
neys in court are starting to question the accuracy of tuning forks
that appear to be damaged, referring to the scars appearing on the
forks from striking the unit to make it “ring.” Nearly all the forks
tested by the Colorado laboratory bear these marks.

The frequencies of the Colorado tuning forks were within 5 Hz
of the calculated frequencies (same as new forks).

Two forks were tested that appeared to have been run over or
possibly dropped from a moving vehicle. Yet when testing the forks,
the output of each was within 5 Hz of the correct frequency!

Several forks, when presented for test, did not bear serial num-
bers or identification. The units were tested and the frequencies
recorded. Next, each fork was stenciled with appropriate identifica-
tion. Markings were placed below the tines and just above the
handle. The forks were retested under the same test conditions. The
frequencies did not change even though this may be interpreted as a
scarring of the forks.

Temperature tests were conducted on five different forks with
temperatures ranging from 0° F to 110° F. The average change in
miles per hour was only 0.69 mph for the 110° F span. The data for
four of these is plotted in figure 3.

Overall, the tuning fork appears to be a very stable standard
and suitable for the use intended.
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Ficure 8. FHouivalent radar gun speed versus temperature for 4 different 50
mph tuning forks. These were typical tuning forks which are used
to check a radar gun.

Calibration of the frequency counter using the 600 Hz tone de-
rived from the NBS, WWY telephone line has proven itself totally
adequate. The largest errors encountered have been * 2 Hz (less
than + 0.1 mph). Note: the telephone signal automatically *hangs
up” after 3 minutes, s one should carefully note the YWWV format
given in the text under figure 2 before calling (303) 499-711L

We have received informal reports that significant litigation cost
savings are realized when the law enforcement officer produces an
official calibration certificate which has ultimate traceability to NBS.

DISCUSSION

Mz. R. L. Tromeson (Maryland): Are you familiar with what
they are calling Vascar?

Mg. D. W. Arran (NBS): Yes, some.

Mgr. Trompson : Is this appropriate for that type of system?

Mg. Arpan: It is not. It is a totally different system.

Mr. Teomreson. Thank you.

Mz. C. Wooren (Florida): You mentioned giving a certificate on
this.
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Mr. Auran: Pardon me?

Mg, Wooren: A certificate, a certification. Did I misunderstand
you that you certify these?

Mgr. Avrran: That is right. We give written certificates.

Mr. Wooren: What we receive on weights is a report of test. Is
that the same as a certificate?

Mg, Arran: Basically.

Mgz, Wooren: I have no further question on that, then. Now, if
you calibrate one of these turning forks, what is the lifc of that
calibration ¢

Mr. Arpan: That is a good question. It seems that these tuning
forks are very rugged. In fact, we have measured some that ap-
parently were run over and bent, and it seems that they have a very
high fidelity in maintaining their frequency. Within the 1 percent
tolerance, they are quite acceptable; and from year to year you will
see essentially no change.

Mgr. Wooren: Will this particular gun stand up in court?

Mr. Avran: Will the gun?

Mr. Woorexn: Yes.

Mz, Arvan: We have seen several instances where certificates have
been taken to court for verification of the calibration of the tuning
forks and it has helped quite a bit. As far as the gun itself, we are
not certifying the gun. If people will raise questions about the in-
ward parts of the gun and electronics, then they must raise those
with the manufacturer.

Mr. Wooren: So, there is always a question, then, of accuracy?

Mr. Arrax: There is, to some degree. This question also has been
asked and when you look at it in detail, if the tuning fork gives you
the correct reading, the chances of having an erroneous reeding from
a moving vehicle are essentially zero. It is either working or it is not.

Mgr. Wooren: Thank you.

Mr. J. R. Brrp (New Jersey): We are trying to get into this,
as Harry Johnson is aware of. We are trying to get the funds
through the Highway Safety Act to get this equipment. T am waiting
on a response from them now to get this. In response to Mr.
Wooten and to Dick Thompson, I am quite happy to announce
that within the past month we were sustained in the Superior Court
in New Jersey for our certificates. They now become prima facie
evidence in court; and we do not have to go and testify to the
accurapy of the equipment that we have calibrated or explain the
circumstances. This particular substantiation was involved in a
Vascar case where we had laid out and certified the base half-mile/
mile courses for the State police and certified the stopwatches they
used in calibrating those devices.

MR, Axran: Very good.
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Mr. G. H. Fiseman (J. B. Dee & Co.): The point I am trying
to bring out is if you are fined on the basis of this gun, money
changes hands. Consequently, I am asking you if this makes the
gun. a commercial device and if it requires that it be certified?

Mgz, Auran: The gun itself?

Mz. Fisaman: Yes, sir.

Mr. Arraw: I really cannot give you the legal implications of
that. All I know from the history is that tuning fork calibration has
been adequate. The tuning fork is a part of the radar gun system.
‘When you buy a gun, the companies supply the forks in the same
kit as a part of the calibration procedure. That is a part of the
industrial certification that they give you, that the gun is working
if you get this number with this fork; and I suspect that that is
probably part of a commercial instrument, but I really cannot
answer your question in full detail.

Mgz, Fisgnzan: Okay, sir. Thank you.

Mr. J. H. Axey (Wausau, Wisconsin): Our local police force
is using a radar type device which does not need a tuning fork for
calibration. It has a built-in checking factor. By just pressing a but-
ton, you get a particular readout. Are you familiar with this type
of radar device; and, if so, how are these calibrated?

Mg. Arran: I have not seen that particular unit. There is a
check position on many counters, and there must be a reference
standard there. Probably what happens when you put it in this
check position is that you cause some oscillator to vibrate to give you
a particular frequency. It has to be that way. That is how it works.

-I mean, those are fundamentals, and at some point that unit has to

be calibrated. You cannot get something for nothing.

Mr. L. D. Dracuerm (Agawam, Massachusetts) : When you cali-
brate a radar gun at 50 miles an hour, the tuning fork is set for
50 miles an hour. What is the possibility of the gun being inaccurate
at, say, 40 miles an hour?

Mgz, Avvan: In other words, is it linear?

Mgr. DraerETII: Yes,

Mr. Arran: The physics involved say it has got to be linear,
unless there is something which is extremely pathological in the
gun, which would probably indicate other problems as well. It has
to be linear. It has to be right at 40 if it is right at 50.

Mg, DraguETTI: T see.

Mr. Arran: The equation itself is a linear equation; and if it
works, it has got to be linear.

Mr. 8. Dagsey (Florida): Are any variables involved with the
type of metal and the size of the vehicle; for instance, a Corvette
that has a plastic body versus a motorcycle or a big truck or an
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aluminum vehicle, against a ferrous-type of metal? Are these var-
iables in this thing?

Mr. Arrax: Yes, they are. I personally do not have experience
with the radar guns doing this; but having a background of physies,
knowing that it is a microwave signal and that it bounces off a re-
flecting surface, it is those surfaces and the size of the surface that
determines how much signal you get back. It is a signal to noise
problem at microwave. So, the larger the surface, the better the
signal to noise, and it has also got to be the right kind of surface.
Essentially what it boils down to, at 10.525 GHz, is that most of
your metals are excellent reflectors. Plastic is lousy. In other wourds,
if you have a big truck alongside a Corvette with a plastic body
and he is really racing along, you probably will not see him.

Mg. Darsey: You do not calibrate these, then, based on the type
of vehicle you have? In other words, a truck makes no more dif-
ference than a car?

Mz, Arran: No. The police officer in court is going to have to
say that he, in fact, was pointing the gun and he was discriminating
between one vehicle and another. He knows the gun itself has about
an eight degree angle of acceptance.

Mr. AxeY: Approximately how many tuning forks were checked,
how many were certified, and how many were found to be in error?

MR, Arpax: In this pilot program, the Colorado State metrologists
sent out to all of the police departments in the State of Colorado
invitations to send in their tuning forks. Let me give you the
numbers from his report. He has a paragraph here that indicates
the results. It says the acceptance by the enforcement agencies is
enthusiastic particularly for those police departments having court
difficulties. About 40 percent of all agencies contacted quickly ve-
sponded and have had their tuning forks calibrated. This number
is in the vicinity of 100 total, some of which are from Wyoming.
About 10 percent of the departments have indicated interest and
their forks are slowly coming in. Forty-eight percent either did
not have radar units or did not have tuning forks for radar units.
Two percent did not find it important to have the forks calibrated.
So, that is basically our response in the pilot program.

Mz. AxEy: The question was how many of the tuning forks that
were calibrated were. . .

Mgr. Azran: You said that and I did not finish the question. As
I recall, and again I wish Frank were here—if Earl can remember?
Six tuning forks were outside. Was that 1 percent or what?

Mr. E. Proravx (Celorado) : I think it was about 1 percent or
2 percent.
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Mz, Azpan: If you are off 15 Hz, it can read one way or the
other, If you are off 15 Hz, it can read, for example, 51 miles an
hour as well as 50 miles an hour.

Mr. W. I. TromesoNn (Monmouth County, New Jersey) : I wonder
if you could explain the principle of these so-called antiradar outfits
that are being sold in some of the motor magazine ads.

Mg. Arran: Well, there are various kinds of devices. One is an
alarm so that you know there is radar in the vicinity. All it is is a
good receiver. It receives a 10.525 GHz signal. A light comes on
or a buzzer flashes or something that could tell you to look out.
Another thing that people do that is effective is to have a lot of
moving metal. T have heard the story of people putting alumingm
foil in plastic hubcaps so that it flips around inside. Again, it is
a signal to noise problem. You have got to have enough moving
metal to overcome all of the other solid moving metal that is mov-
ing at the same velocity, But there are various kinds of these tricks
that people, I suppose, have tried. I am not aware of all of their
tactics, but these are examples.

Mr. J. Douveras (Douglas Equipment Company, Inc.): I would
like to know if it is truly possible for the Highway Patrol, with
radar coming in your direction and you going in the other direction,
to actually measure the speed that you are traveling when you are
going toward him?

Mgr. Arran: You are both moving? Both the vehicles are moving?

Mr. Doveras: Right, right.

Mz. Arran: You measure the relative speed.

Mg. Doucras: How can he do it?

Mr. Arrax: Well, again, the principle involved is a matter of a
reflected microwave signal between the two vehicles.

Mr. Doucras: Well, I have talked to people in our State on the
Highway Patrol and they say it is not possible. Yet, they use those
machines to do it, and they will nail you for it.

Mgz. Arnan: The thing that T would worry about in that situation
is that they are made to be stationary. They do make a moving
vehicle radar system, but it is a much more complicated system
and this is not what we are talking about. The radar gun that we
are talking about is made to be stationary for the following reason:
The radar signal goes out and is reflected from the moving vehicle.
A moving vehicle is the only thing that will give you a frequency
different from that you send out. Now, in the environment there
are many other cars that ave stationavy and he (operator of the
gun) is stationary. Those cars will also veflect signals, but they ave
on the same frequency that he sent out.
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The radar gun has the capacity to discriminate between those
frequencies that are different and those that are on the frequency
that are sent out; so it can tell a moving vehicle relative to itself,
but it cannot see vehicles that are stationary with respect to itself.
So, if you are driving along the road and there are other cars along
the side of the road that are also moving, this would foul up the
system because I do not think it would work well. I do not know. I
have not conducted that experiment.












