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DEVI CE AND METHOD _FOR MEASURNG DI_STANCES BETMEEN MOVI NG OBJECTS

CROSS REFERENCE TO RELATED PATENTS 5 “Thi's appllcatlon is related
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DEVICE AND METHOD FOR MEASURING DISTANCES BETWEEN MOVING OBJECTS

NC A
5 This application is related to U.S. Patent No.
5,359,404, assigned to the assignee of the present
application, and the contents thereof are
incorporated by reference herein.

10 BACKGROUND OF THE INVENTION

The present invention relates generally to
speed and distance detection. More particularly,
the present invention relates to a detecting device,
and an associated method, for detecting distances

15 separating moving objects, such as moving vehicles.

Distances separating moving vehicles can be
determined, and an indication can be provided when
the distances are less than minimum values. By
providing constabulary, or other traffic

20 enforcement, officials of indications when moving
vehicles are not separated by at least minimum
separation distances, appropriate enforcement action
can be taken by the officials.

Operation of motor vehicles by motorists is

25 widely regulated to provide for the public safety.
Motor vehicle codes governing many different facets
of motor vehicle operation have been enacted in most
governmental jurisdictions. Enforcement of the
motor vehicle codes by constabulary officials

30 ensures compliance with the motor vehicle codes.

Safety conditions require, for instance, that
motor vehicles by operated within certain speeds.
Many governmental jurisdictions have implemented, as
part of their motor vehicle codes, provisions

3s defining speed limits within which operators of



15 separating noving objects, such as noving vehi cl es.

D st ances separati ng noving vehi cl €S can be det erm ned, and an

i ndi catiron can be provi ded when the di stances are |l ess than m ni num
val ues. By provi di ng constabul ary, or other traffic 20

enf orcenment, wiofde3dmis of indications when noving . vehPCI/u896/05804 Not
separated by at |east m ninum separation di stances, appropriate
enforcenent action can be taken by the officials.

operation of notor vehicles by notorists is 25 wi dely regulated to
provide for the public safety. Mot or vehi cl e codes governing many
different facets of notor vehicle operation have been enacted in
nmost gover nmeotter Yyaldicdescmishsopaxrdtn ddneemotof vékicles whert or

vehi cl e codes by coeﬁgeglif%@yoﬁfghglgésrgghwa g.ensures conpliance with the

that o ot or vehi ol RF ISP e IEEE H L AU AEPOBpECtR Sasist  Nany
governmental juri sdmﬂlmaslmameenﬁpremmemf Frovisionspef tthé ndtxir not or
vehicle codesg proviehfiife Todes rdehtihd ke RRd 1FhissW (RGP which
operat ors of
instance, a laser-based speed measuring device
disclosed in the aforementioned patent, U.S. Patent
No. 5,3590,404, can be used by officials to obtain
gquantitative speed indications of motor vehicles.

10 Safety considerations also require that a
motorist operating a motor vehicle on a roadway
maintain at least a minimum separation distance
between the motor vehicle and a motor vehicle
travelling thereinfront. Various governmental

15 jurisdictions have also implemented, as parts of
their motor wvehicle codes, provisions defining
minimum distances which must be maintained between
motor vehicles when the motor vehicles are operated
on a roadway. That is to say, the motor vehicle

20 codes include provisions prohibiting "tailgating."

The maintenance of proper separation distances
between motor vehicles is important to minimize the
risk of collision when a forward-most motor vehicle
makes a sudden stop, or other unanticipated

25 maneuver. If a proper separation distance is not
maintained between the forward-most vehicle and a
vehicle travelling therebehind, a motorist operating
the rear-most vehicle might be unable to react to
the sudden stop or other maneuver of the forward-

30 most vehicle in time to avoid a collision. When the
motor vehicles are operated at increased velocities,
the separation distance separating motor vehicles
must be increased to ensure that an operator of a
rear-most vehicle can properly react to sudden stop

35 or other maneuver of the forward-most motor“vehicle.
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2___ motor vehicles must operate the_nntaor vehicles when =~ .
travelling on public roadways. Vari ous devi ces have been

devel oped to assi st officials in enforcenent of provisions of the
notor 5 vehicle codes relating to speed Iimts. For _ I nst ance,
a | aser - bas®PYMEY neasuring device di scl osed in t RETXP¥EMnt i oned
patent, U S. Patent No. 5, 3590, 404, can be used by officials to
obtain guantitative speed indicatioms of notor vehicles. 10

Saf ety considerations also require that a notori st operating a notor
vehi cl e on a roadway mai ntain at | east a m ni num separati on di stance

bet ween the notor vehig¢le and a notor vehicle, travel ling,
thereinfront. Various &B(g@?ﬁ%ﬁ‘él“ll‘?ucn PFEYiEiAns i%é“ﬁ%evsgéﬁle
i npl enent ed, as pgnﬁesobonventiondﬂﬁy’reqhdresebbn#tahnmarz offf etherons

defini ng mt%ﬁ%d'éﬁféinéﬁaeﬁ@ oE1R¥a s Peo rmgen 3 RAd. gt ween

not or vehi cl es when e,mior vehicles are operate on a roadway.
That is to say, t tﬁﬁ?&?“?ﬁ%?d?%é?ﬂ? distagges $eRATATING BEESFons
prohibiting5'tail yehicdes as the vehiclébetrnavel eslbomee a0fropdepgt separation

di stances Visual determinations of the separation distances
are inherently qualitative, and typically rely
primarily upon the judgment of the officials making
the determinations.

10 A technique by which separation distances
separating motor vehicles can be quantitatively
determined would be beneficial. The technique would
have to be amenable to usage by constabulary, or
other traffic enforcement, cofficials in enforcement

15 procedures. That is to say, the technique must not
only be accurate, but also provide indications of
the separation distances in a timely manner to
permit enforcement procedures to be made.

.It is with respect to these considerations and

20 other background information relative to speed and
distance detection devices that the significant
improvements of the present invention have evolved.

SUMMARY OF THE INVENTION
25 The present invention advantageously provides a
distance determining device, and an associated
method, which determines distances separating moving
objects, such as the separation distances separating
motor vehicles as the motor vehicles travel along a
30 roadway.

The separation distances are determined
quantitatively and nearly-instantaneously. The
present invention is amenable for usage by
constabulary, or other traffic enforcement,

35 . officials in enforcement operations to ensure
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In accordance with the present invention
therefore, a device, and an associated method, for
determining values representative of a separation
distance separating first and second moving objects
is disclosed. A range determiner is positioned at a
remote position remote from the first and second
moving objects. The range determiner determines a
first range between the remote position and the
first moving object. The range determiner further
determines a second range between the remote
position and the second moving object. A speed
determiner determines values of speed of at least
one of the first moving object and the second moving
object. And, calculating circuitry is operative
responsive to the first range and the second range
calculated by the range determiner, the speed
determined by the speed determiner, and the times at
which the ranges are determined. The calculating
circuitry calculates values representative of the
separation distance separating the first and second
moving objects.

A more complete appreciation of the present
invention and the scope thereof can be obtained from
the accompanying drawings which are briefly
summarized below, the following detailed description
of the presently preferred embodiments of the
invention, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a functional block diagram of a
device for determining a separation distance between
moving objects according to an embodiment of the
present invention.
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Enf or cenent of such provisions of notor vehicle codes conventionally

requi res constabul ary or other traffic enforcenent officials to make
a vi sual ' determ nation of tThe di stances separating notor 5 o
vehicles as the vehicles travel along a roadway. Vi sua

determ nations of the separation distances are inherently

gualitati veWaseBaMpically rely primarily upon the poumpseanssef the
of ficials nmaking - the determ nations. 10 A techni que by

whi ch separation di stances separ at sng notor vehicles can be
gquantitatively determ ned woul d be beneficial. The techni que woul d
have to be anenable to usage by constabul ary, or other traffic
enforcenment, officials in enforcenent 15 procedures. That is to say,

the techni que nust notfig. 2 isop|Jiagramdilussrabing Hperahion ¢
indications of the devieeseRowalinFil Stiarecteteriiné Bdpar@idey (O

permt enforcenme ur e, It 1s wi.th respect to
t hese consideratp%ﬁgﬁﬁﬁggbagiagggﬁﬁ%ﬁaghgﬁﬁfguxahf?&%ﬁ?nﬂ?5ﬁ1“hﬁgative to
speed and e daviceddscpesbhianed afs at meesening ippd itiomtin

i mprovenents of tfeony @FCAl fopwerd-+mdst) dfC tAvot¥€vehicles.

SUMWMARY OF THE | NVENTI 2 .__The present jnvention advgntageously
provi des a di st Cegd%?e?rﬁjfﬁ%gnhe%iﬁ‘g?a n aﬁ’afség’aw&’tg@
Fig. 2, again illustrating operation of the device
shown in Fig. 1 to determine separation distances
separating two motor vehicles, but here when the

10 measuring position at which the device is located is
to the rear of a rear-most of the two motor
vehicles.

FPig. 4 is a flow diagram listing the method
steps of a method of an embodiment of the present
15 invention.

DETAILED DESCRIPTION
Fig. 1 illustrates the device, shown generally
at 10, of an embodiment of the present invention.

20 The device 10 determines a separation distance
separating first and second moving objects 12 and
14, respectively. The device 10 includes circuitry
and elements corresponding toc structure disclosed in
the aforementioned patent, U.S. Patent No.

25 5,359,404, to determine ranges to, and speeds of,
moving objects. Additional details of portions of
the device 10 and various facets of its operation
are disclosed therein.

The device 10 includes a laser pulse

30 generator/range finder 16. The pulse
generator/range finder 16 is operative to generate
laser pulses, here indicated by lines 18 and 22 for
transmission to, and reflection from, the objects 12
and 14. The pulse generator/range finder 16 also

35 includes circuitry for detecting portions of the
laser pulses reflected back from the objects 12 and



met hods whi ch determ nes di stances separating novi ng obj ects, such

as the separation distances separating not or vehicles as the notor
vehi cl es travel along a 30 r oadway. The separation

di stances are determ ned quantitatively and nearly-instantaneously.
The pwess3#254 nvent i on i s anenabl e for usage by PCTGIP6038041| ar y,
or other traffic enforcenent, 35 officials in enforcenent operations to
ensure WO 96/ 34254 6

PCT/ US96/ 05804 4 conpl i ance of
notor vehicle operators with appl i cabl e notor vehicl e codes.

In accordance with the present invention therefore, a device, and an
associ at ed met hod24for AssdescriRad mers fiyliyl irsthe aforenentioneds a
separation patent, a suitable, high voltage power supply powers

the pulse generator/range finder 16 to power
operation of the pulse generator/range finder to

5 cause generation of desired numbers of laser pulses
and to detect reflections of such pulses.

The device 10 also includes a microcontroller

30, here formed of a microprocessor 32 and a memory
element 34. The memory element 34 is coupled to the

10 microprocessor 32 by way of a bus 36. Algorithms
executed by the microprocessor 32 during operation
of the device 10 are stored in the memory element
34. The microcontroller 30 is coupled to the laser
pulse generator/range finder 16 by way of buses 38

15 and 42. The microcontroller 30 is operative to
control operation of the laser pulse generator/range
finder 16 and also to receive data generated during
operating of the pulse generator/range finder. The
microcontroller 30 is operative to compute the

20 distance to the objects 12 and 14 responsive to time
periods reguired to transmit laser pulses to the
moving objects 12 and 14 and to receive reflections

therefrom.
The microcontroller 30 is further operative to
25 calculate the speed of the moving objects 12 and 14

responsive to determinations of the distances to the
objects 12 and 14.
Additional details relating to operation of
portions of the device 10 in computing distances to,
30 and speeds of, moving objects, such as the objects
12 and 14, are also described more fully in the
aforementioned patent, U.S. Patent No. 5,539,404.
The device 10 further includes a data
input/output (I/0) device 44. The I/0O device 44 is
35 here shown to include a display/annunciation device
46 and an input device 48. The elements of the data



di stance separating first and second aning obj ects - I's disclosed. A

range determner is positioned at_a _renpte position remnte fromthe
first and second novi ng obj ects. The range determ ner determ nes a
10 first range between the renote position and the first noving
object. The range determ ner further determ nes a second range

bet ween t he W@ @s4 position and the second noving ol peed
determ ner determ nes val ues of speed of at |east 15 _ one of the first
novi ng obj ect and the second novi ng 7 object. And, calculating
circuitry is operative responsive to the first range and the second
range cal cul ated by the range determ ner, the speed

determ ned by the Beed determ ner, and the times at 20 whi ch t he
ranges are det er mEABGAEVIGR 44,358 SPeRative in qonventdppal PRUREFes val ues
representative of tbhprovide vismadr,atupal (i ot sothers@ispaniyngfthe first and

second ”DVEHQOPﬁifigﬁ;ge(frated auriﬁ§f§§§§§£&%3' Eetﬁ Pa&gigli on of

the present 25 I nvent1 on he scope can talne from
the .acconpanyi ng &Pawi TR %ﬂﬁqﬂ1 dgvdcs, A8y, for exampifyi beqfemmed, t he
foll owi ng detai l edfdascacmatdron key padftéd hmamurids ent bpepaebtroﬁdthe

ggrgglEEEEEIg;IEkﬁgﬁiﬁiE?oIéaﬁﬂﬁgg%nOPQQQtixgeéqymﬁﬂ@%dfglg F%nc i onal bl ock
di agram of a caugey % 4% aFerer APRFAELOD é%fp A8Nigest@nce between
While not illust;ated in the figure, the device 10
further preferably includes a universal asynchronous
10 receiver/transmitter (UART).

In addition to the speed and range information
provided by the laser-~based speed measuring device
disclosed in the aforementioned patent, the device
10 is further operative to determine the separation

15 distances separating two moving objects, such as the
moving objects 12 and i4. The microprocessor 32
further executes algorithms operative to determine
such separation distances responsive to ranges to,

_ and speeds of, the objects 12 and 14, also

20 determined during operation of the device 10.

More particularly, during operation of the
device 10, an operator first targets the device 10
at a first of the moving objects, here, for example,
object 12. lLaser pulses are transmitted to the

25 moving object 12, and reflections therefrom are
detected by the range finder 16. The range between
the location of the device 10 and the moving object
12 is determined, and the speed of the moving
cbjects 12 is calculated by execution of appropriate

30 algorithms of the microprocessor 32. A timer,
preferably a software timer forming a portion of the
microprocessor 32, is started when the first object
12 is targeted.

Thereafter, the operator of the device 10

35 redirects the device to target the second moving
object, here,.for example, the moving quect 14.



novi ng obj ects according to an enbodi nent of the 35 present invention.
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5 ' Fig. 2 is a diagramillustrating operation of t he
device shown in Fig. 1 to determ ne separation di stances separating
two not or vewodessassher e when the device is positi ONPCI/IS$96/05804
neasuring position in 5 front of a forward-nost of the two vehicles.
Fig. 3 is a diagram simlar to that showngi n Fig. 2, again
illustrating operation of the device shown in Fig. 1 to determ ne
separati on di stances separating two notor vehicles, but here when
the 10 measuring position at which the device is |located is to
the rear of a rearkLasest pflsesc2gwaraevtransnitted €ehthéemsoving object

14, and reflections therefrom are detected by the
range finder 16. A determination is made as to the
range between the device 10 and the second moving
5 object 14, and the speed of the second moving object
14 is calculated by execution of appropriate
algorithms by the microprocessor 32. The timer,
started when the first object 12 is targeted, is
stopped'when the second cbject 14 is targeted. The
10 elapsed time between targeting of the two objects is
thereby stored by the timer.
Responsive to the ranges to objects 12 and 14,
a calculated speed of at least one of the moving
objects 12 and 14, and the times at which the moving
15 objects are targeted, as indicated by the timer,
additional algorithms executable by the
microprocessor 32 calculate the separation distance
separating the two moving objects.
In one embodiment, the calculated separation
20 distance is supplied to the display/annunciation
device 46 to provide an operator of the device 10

with an indication of the calculated separation

distance separating the objects 12 and 14. The

speeds of, and the ranges to, the objects 12 and 14
25 may also be displayed upon the device 46.

In another embodiment of the present invention,
the memory element 34 further stores data relating
to minimum allowable separation distances between
motor vehicles in various jurisdictions. Some

30 jurisdictions mandate the minimum separation
distances to be dependent upon speed. Viz., the
required separation distances increase when the
speeds at which the vehicles are permitted to be
operated increases. The memory element 34 is

35 further operative, if needed, to store such
plurality of separation distances.



Fig. 4is a flowdiagramlisting the nethod steps of a'néthod of an

enbodi nent_of _the present 15 I nvention. . N

DETAI LED DESCRI PTI ON Fig. 1 illustrates the device, shown
general ly at 10, of an enbodi ment of the present invention. 20

The device 10 determ nes a separation di stance separating first and
second novi YO8 s 12 and 14, respectively. The ®EFUSEE05804

i ncludes circuitry and el enments corresponding to structure di scl osed
in the aforenentioned patent, U S. datent No. 25 5,359,404, to
determ ne ranges to, and speeds of, novi ng obj ects. Additional
details of portions of the device 10 and various facets of its
operation are discl osed therein. The device 10 i ncl udes

a laser pulse 30 gBReYaY Y astyatirndef e inpwd gevdee 48, an
generator/range fopdeatdft ¢8 thredavive 10 Dedidsties the jurié&ﬁétﬂdhses

?:1[ Felc?;jl)(r:]a; (ragmbytl Ie cﬂ%@ﬂb@&c@&o isdbiizfﬁé_?cﬂfé@ IOngenerg{)o‘ﬁrange
finder 16 also 3510 1 Qﬁ?&d@itr agving Yehi%s@cwg pepresented t he
| aser pul ses refl pgt Eﬁebﬂ@\kiﬂq @bjleltsop eshd 14, dandmanners
described above, and the separation distance
separating the vehicles is calculated through
operation of the microprocessor 32, all as described
above.

10 The device 10 may further be custom-designed
for use in a particular jurisdiction by storing data
in the memory element specific to the provisions of
the motor vehicle code of the particular
jurisdiction.

15 Once the separation distance is calculated, the
calculated separation distance is compared with a
value of the data stored in the memory element 34,
and an annunciation is generated by the device 46 if
the calculated separation distance is less than the

20 separation distance stored in the memory element 34.
When a plurality of different minimum separation
distances based upon speeds are utilized by a
particular jurisdiction, the speed of the motor
vehicle is utilized to*index particular data storead

25 in the memory element associated with such speed.

Fig. 2 illustrates an exemplary manner by which
the device 10 may be utilized, here by constabulary,
or other traffic enforcement, officials to ensure
that a motorist operating a motor vehicle on a

30 roadway maintains at least a minimum separation
distance between the motor vehicle that the motorist
is operating and a motor vehicle positioned

thereinfront.
As lllustrated in the exemplary figure, a
35 first, or forward-most, vehicle 82 is followed by a

second, or rear-most, vehicle 84. Both the vehicles
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6 17 As desciTibed nore fully in the aforenmentioned

patent, a suitable, high voltage power supply powers t he pul se
generator/range finder 16 to power operation of the pul se
gener at or/ r afR%¥M42Yer to 5 cause generation of desiregqﬂﬂﬁﬁﬂqpﬂﬁ

| aser pul ses and to detect reflections of such pul ses.

The device 10 also includes a mcrocontrol her 30, here forned of a
m ¢roprocessor 32 and a nenory el ement 34. The nenory elenment 34 is
coupled to the 10 m croprocessor 32 by way of a bus 36. Algorithns
executed by the m croprocessor 32 duri g eration _ of the device 10
are stored in the fentRd 84 é’ﬁ"v?nttravelll % MPOh @ FO2RWRENBFol | BReRF i s
coupled to the | asmtre constymularygecoerathhey rtrafifici edénrdééméytvay of buses

38 15 and 42. odpecqi Qﬁﬂﬁ&kﬁ'kﬁr7§9eﬁfbfﬂaﬂé%E'WGn B1e gs iscontrol
operation of the Iaseétikn ener at or f 6 and also to

recei ve data generBP® , Or beyond, "a burm of the roa way 8
5 The device 10 is positioned at, or in, the vehicle
88,

In one embodiment of the present invention, the
device 10 is first targeted at the first vehicle 82
to determine the range to the first vehicle 82 and
10 the speed thereof at a first time, T;. Then, the
device is targeted at the second vehicle 84, the
range to the second vehicle 84, and the speed
thereof, are then determined.
As a finite amount of time is required to
15 target the second vehicle 84 subsequent to targeting
of the first vehicle 82, the second vehicle 84 is
targeted at a second time, T,, rather than the first
time, T;. In this manner, the range to the first
vehicle 82 at time T;, the speed of the first
20 vehicle 82, the range to the second vehicle 84 at
the second time T, and the speed of the second
vehicle 84 are determined by operation of the device
10.
Thereafter, the separation distance (SD)
25 separating the two vehicles 82 and 84 at the seconad
time, T, is calculated by the following equation:

SD = (Rpra~Rar1) + Sp(T2-Ty)

30 wherein:
Rgry is the range to the second vehicle
at the time Ty;
Ryr) is the range to the first vehicle
at the time T;;
35 SA is the speed for the first vehicle;



operating of the pul se generator/range finder. The m crocontrol | er
30 is operative to conpute the 20 di stance to the objects 12 and 14
responsive to tine periods required to transmt |aser pulses to the
novi ng objects 12 and 14 and to receive reflections t herefrom
The m crocontroller 30 is further operative to 25 cal cul ate the speed
of the novi n¥Q¥W3¥™s 12 and 14 responsi ve to det er nPRHUBMHSB t he
di stances to the objects 12 and 14. Addi tional details
relating to operation of portions oftithe device 10 in conputing
di stances to, 30 and speeds of, noving objects, such as the objects
12 and 14, are also described nore fully in the af orenent i oned
patent, U S. Patent No. 5,539, 404. The device 10 further
i ncl udes a data i nputTodSpihe peegndkimee Fa7 3PR 1/ 0 device 44 is
35 . here shown to includerp ig theayirst wineyt M0 device 46 and an
I nput device 48. The el enents of thf d%Ea .

Ty = T; is the elapsed time between

targeting of the first and second vehicles.

5 Alternately, the separation distance (SD) can
be calculated at the first time, T, by the followiﬁg
egquation:

SD = (Rpro~Ram) + Sp(Tp-Ty)

10
wherein:
Sp is the speed of the second vehicle; and
the remaining variables are as defined
above.
15 If the separation distance is less than a

minimum separation distance, the constabulary, or
other traffic enforcement, officials are provided an
indication of such, and appropriate enforcement
actions can be taken. '

20 Alternatively, the second vehicle 84 may be
first targeted with the device 10 and, thereafter,
the first vehicle 82 can be targeted with the device
10, also to determine the separation distance
separating the vehicles 82 and 84.

25 Fig. 3 is similar to that of Fig. 2, but
illustrates positioning of the enforcement vehicle
88 and the device 10 located therein when the
vehicle 88 is positioned behind the second, or rear-
most, vehicle 84.

30 In one embodiment of the arrangement shown in
Fig. 3, the device 10 first targets the first
vehicle 82, the range to the first vehicle 82 is
determined, and the speed thereof is calculated.
Then, the device 10 is targeted at the second

35 vehicle 84, the range to the second vehicle 84 is
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7 |/ O device 4Z4—are operative in convemntiormat—marmmer to
provi de visual, aural, or other display of i nformati on generated
during operation of the device 10. The input device 48 may, for

exanpl e, be W spd2545 of an actuation key pad to perm t pefrusepksior of
t he device 10 to input operating conmands or data to cause,

or to alter, operation of the device 10. While not illustrated in
the figure, the device 10 further pﬁ@ferably i ncl udes a uni versal
asynchronous 10 receiver/transmtter (UART). In addition to
t he speed and range information provi ded by the | aser-based speed
measuring device determdhed) cmedl the tﬁeeafﬁhéﬁiﬁtiiﬁﬁﬁinbﬂﬁaﬁbd.the devi ce
10 is further oper gt t ' ratl . L stance
separating two rmv?%a\igbj g%?§y§§éslr18£9t§% ?%Z,EQ& ﬂé&%o\]?%ngtlgﬁj E@f‘?‘fﬁaand 14,
The ni croprocessor tg2retarget r{he gacopdovahigle| $hrafters tayeesinge to

det er m ne Sthle fépatavélnicld S2gnche seseValEidle B8anges to,

s kbl o€ e St B G4 S

operation of the dev I ng operation
of the devi yehiolead2 opertangetiedr st the gtirstt hdmdgvirge 10

Alternatively, the second vehicle 84 can first
be targeted and, thereafter, the first wvehicle 82
can be targeted.

10 Equations analogous to those set forth above
are utilized to determine the separation distances
separating the first and second motor vehicles 82
and 84. When the separation distance is less than a
minimum separation distance, the constabulary, or

15 other traffic enforcement, officials can take
appropriate enforcement actions.

Appropriate manipulation of either of the above
equations can be performed to determine the
separation time (ST) between the positioning of the

20 two vehicles at the same location. More
particularly, by algebraic manipulation of the
equation of the separation distance at the first
time T;, the separation time (ST) can be determined
to be:

25

ST = SD/Sg = [(Rprz = Ryr1) + Sp(T2 - T1)1/Sg

wherein the variables are as defined previously.
In an alternate embodiment of the present

30 invention, the separation time can be utilized to
provide an indication of the separation distance
separating the vehicles. For any pa¥¥iciilar speed
of travel of the motor vehiéles, the separation time
must be at least a certain time; otherwise the

35 separation distance between the vehicles is less
than the proper amount.



at a first of the noving objects, here, for exanpl e, obj ect 12.
Laser .pulses are transmtted to the 25 Loving object 12, _and

reflections therefromare detected by the range finder 16. The range
bet ween the location of the device 10 and the novi ng obj ect

12 is deter d the speed of the noving obj ect '

cal cul at ed by e%%g%glon of appropriate 30 algorlthng ofiF%émhaBm"

m croprocessor 32. A tiner, preferably a software timer formng a
portion of the m croprocessor 32, id3started when the first object
12 is targeted. Thereafter, the operator of the device 10 35
redirects the device to target the second noving obj ect, here, for

gé??EgSGIBQEOZDVIng ObjﬂﬁtLAéication of @ggggéﬁggggkon distances
separating the motor vehicles 82 and 84 may also be
determined by such calculation of time.

Fig. 4 illustrates the method of operation of

5 an embodiment of the present invention. The method
can be effectuated, for example, by operation of the
device 10 shown in Fig. 1.

First, and as indicated by the block 112, the
range to a first vehicle is determined. Then, and

10 as indicated by the block 114, the time when this
first rangé is determined is identified.

Thereafter, and as indicated by the block 116,
the range to a second vehicle is determined. Then,
as indicated by the block 118, the time at which

1is this range is determined is identified.

Then, and as indicated by the block 122, the
speed of at least either the first vehicle or the
second vehicle is calculated.

Finally, and as indicated by the block 124, the

20 separation distance separating the first and second
vehicles is calculated. If the separation distance
separating the vehicles is less than a minimum
separation distance, appropriate actions may be
taken by enforcement officials.

25 The device and method of the present invention
provides a quantitative indication of the separation
distances separating moving objects, such as motor
vehicles travelling along a roadway. When at least
minimum separation distances between motor vehicles

30 are not maintained, appropriate enforcement
personnel can take appropriate enforcement actions.

Presently-preferred embodiments of the present
invention have been described with a degree of
35 particularity. The previous descriptions are of
preferred examples for implementing the invention,



Laser pulses 22 are transmtted to the noving object 14, and
reflections therefrom are detected by the range finder 16. A

determ nation is made as to the range between the device 10 and the
second noving 5 object 14, and the speed of the second novi ng object

14 is cal cul wo=d/34284 executi on of appropriate al gor i t POWUS0ss0L
m.cr opr ocessor 32. The tiner, started when the first object 12 is
targeted, is stopped when the second,object 14 is targeted. The 10
el apsed tine between targeting of the two objects is t hereby stored
by the tinmer. Responsive to the ranges to objects 12 and 14,

a cal cul ated speed of at | east one of the noving objects 12 and 14,
and the tines at wAr@hthacsoene mf the invebfien ssholda aoget ed, as i ndicated
by the tiner, necagdai-iDpabe aAlidGtelh By €XES Wetir@ptiohl® The

m croprocessor 32 calcula%etﬁhe aﬁpara&ion g*stance . segarating t he
two moving obj ect s>cOP€ of the pregent lnvention s defined; by Lheq
separation 20 frdlowingiclaingsl i ed to the display/annunciation

devi ce 46 tosgprovide an operator of the device 10 wi th an indication
of the cal cul ated separation di stance separating the objects 12 and
14. The speeds of, and the ranges to, the objects 12 and 14 25

may al so be displ ayed upon the device 46. I n anot her enbodi nent
of the present invention, the menory el enment 34 further stores data
rel ating to m ninmum al | owabl e separation di stances between




notor vehicles in various jurisdictions. Sone 30 jurisdictions mandate
the m ninumseparatian________ di stances to_bhe dependent _upon_speed. Viz.,
the requi red separation di stances increase when the speeds at
whi ch the vehicles are permtted to be operated i ncreases. The
menory elenent 34 is 35 further operative, if needed, to_store such
plurality ofwgém I on di stances. WO 96/ 34254 S96/0-5804

PCT/ US96/ 05804 9 By way of
actuation of the input device 48, an 15 operator of the device 10

I ndi cates the jurisdiction i n which the device 10 is being operated,
t he device 10 is targeted at noving vehicles, here represented 5

by the noving objects %a@n{js 1cAIaiimrédmigr:1ers

1. A device for determining a value
representative of a separation distance separating
first and second moving objects, said device
comprising:

5 a range determiner positioned at a remote
position remote from the first and second moving
objects, said range determiner for determining a
first range between the remote position and the
first moving object and for determining a second

10 ~ range between the remote position and the second
moving object;

a speed determiner for determining values
of speed of at least one of the first moving object
and the second moving object; and

15 calculating circuitry operative responsive
to the first range and the second range calculated
by said range determiner, the speeds determined by
said speed determiner, and an elapsed time between
determinations of the first range and the second

20 range determined by said rangé determiner, said
calculating circuitry for calculating values
represaentative of the separation distance separating
the first and second moving objects.

25 2. The device of claim 1 wherein said range
determiner comprises a laser range finder.

3. The device of claim 2 wherein said range
determiner further comprises processing circuitry
30 coupled to said laser range finder, said processing
circuitry having algorithms executable therein for
calculating the first range and the second range.
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descri bed above, and the separation distance separating the vehicles

I's cal cul ated t hrough opération of the m cropfocessor 32, all as
descri bed " above. 10 The device 10 may further be

cust om desi gned for use in a particular jurisdiction by storing data
I n the nenoryoebédrent specific to the provisions of HOTEUSO%/5804
vehi cl e code of the particular jurisdiction. 15 once the
separation distance is cal cul ated, the cal cul at ed separation

di stance is conpared with a val ue oﬁ'the data stored in the nenory
el'enent 34, and an annunciation is generated by the device 46 if

the cal cul ated separation distance is |ess than the 20 separati on

di stance stored in the denorJhe|dswive 3£ claim 1 wimreim saidakpegdof
di fferent mni num geRarAIHhEP comprised &aegsélh?%&éiﬁ%ys%% 1e8 £o

utilized by a artlcul urj sdictio not or
vehicle is utilize® FRABESR ékﬁ%ﬁqﬁﬂe§F 88?3 gf?ﬁ%ﬁé%ﬁ? °1r°PﬁtFKe nenory.
el ement aSSOC|atedhnwﬂngsalgos¥thnb executable thé¥qin Xar lcadtnaaeingn

exenpl ary manner b!:h‘éh'vﬁﬂues of s;;éaa @eViRs 40 IENstnd 'olf' £6d. £pLE DY
const abul arvy, Qr ot ment, officials to ensure

f
that a motorist op&PYtPfg® ‘foﬂm{/é’?heggg‘%ﬂ AYHIng oI8SHaay i nt ai ns at

| east a m ni mum separation di stance between the notor vehicle that
the notori st i s gper athé BeAied ofOL 04 i3 & ivHed-1oS ishisgned
thereinfront. processing circuitry is further operative to
10 _ determine the elapsed time between the
determinations of the first range and the second
range.

6. The device of claim 1 wherein saiad
15 calculating circuitry comprises processing circuitry
having algorithms executable therein for calculating
the separation distance separatiﬁg the first and
second moving objects.

20 7. The device of claim 1 further comprising
an indicator coupled to said separation distance
calculating circuitry, said indicator for indicating
the separation distance calculated by said
separation distance calculating circuitry in human

25 perceptible form.

8. The device of claim 1 wherein the first
and second moving objects'conprise first and second
motor vehicles, said device further comprising a
30 memory element for storing data therein
representative of permitted separation distances
between the first and second moving vehicles
travelling at at least one speed.

35 9. The device of claim 8 wherein the data
stored in said memory element comprises data

) R N 0 e
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As illustrated in the exenplary figure, a 35 ° first, or forward-nost,

vehicle 82_is faollowd hy a —second, -or—+ear- nDsL_—¥eh+eLe—84 Both
the vehicles WD 96/ 34254

PCT/ US96/ 05804 10 82 and 84 are
travelling u adway 86. One or nor e constabu

traffic enfo%&{s? officials located in an enforcemerﬁ) ve |cIe 88
S positioned at, or beyond,. a burm of the roadway 86. The
device 10 is positioned at, or in, the vehild e 88. In
one enbodi nent of the present invention, the device 10 is first
targeted at the first vehicle 82 to determine the range to the first

nenicLe, 82 and 10  reprelEntBERde [PHRALILA Lebatadidl ailiiiides TheM the

device is targeted aP second ve
between the first and second moving vehicles

travelling at a plurality of different speeds.

5 10. The device of claim 8 wherein the data
stored in said memory element comprises data
representative of permitted separation distances in
2 plurality of different jurisdictions between the
first and second moving vehicles.

10

11. The device of claim 8 further comprising a
comparator coupled to receive the data stored in
said memory element and coupled to receive the
separation distance calculated by said calculating

15 ci;cuitry, said comparator for comparing values of
the data with values of the separation distance and
for generating an annunciation signal when the value
of the separation distance is less than the value of
the data. : :

20

12. A method for determining a value
representative of a separation distance separating
first and second moving objects, said method
comprising the steps of:

25 deternmining a first range between a
measuring position located remote from both the
first and the second moving objects and the first
moving object;

determining a second range between the
30 measuring position and the second moving object;
determining values of speed of at least
one of the first moving object and the second moving
object; and
calculating the value representative of -

35 the separation distance separating the first and

second moving objects. .
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range to the second vehicle 84, and the speed t hereof, are then

det er m ned. AS—atinite anount of tinme is required to 15

target the second vehicle 84 subsequent to targeting of the first

vehicl e 82, the second vehicle 84 is targeted at a second tine,

Tlerr], rathwossbBesst he first time, T1. In this manneCTAUSIEES80HNge t O

the first vehicle 82 at time T[err], the speed of the first 20

vehicle 82, the range to the second vehicl e $4 at the second tine T2

and the speed of the second vehicl e b4 are determ ned by operation

of- the device 10. Thereafter, the separation distance

(SD) 25 separating the two vehicles 82 and 84 at the second

time, T2 is calcul ated m3.t h&heohethod P miatimn2 comprising the SD =

(Rlerr]-Rerr]) + S.hﬁ:ttfﬂér-r[s@eb] ofl fﬁ&i&atnt%o in human perce ée'ﬂ:

RBT2 is the range to t he seco vehi ? time

Tlerr]; he “’a]ﬂqeeFPPrP§e{‘Fr%tjr‘éF‘ng’éf et ﬁspflr?‘ef&%e%%#a@ce

at the tine T[err];,c&bculated during s&id istdphefspaddulatindie first vehicle;
5

14. The method of claim 12 wherein the first
and second moving objects comprise first and second
motor vehicles and wherein the method comprises the
further step of storing data representative of

10 permitted separation distances between the first and
second moving vehicles travelling at at least one
speed.

15. The method of claim 14 comprising the
15 further steps of:
comparing the data stored during said step
of storing with the value representative of the
separation distance calculated during said step of
calculating; and
20 generating an annunciation signal when the
value representative of the separation distance is
of a value less than a value of the data.

16. In a laser range finder and speed detector
for determining ranges between a measuring position
and a least first and second moving cbjects and for
determining speeds of the at least first and second
moving objects, an improvement of a circuit for

" determining values representative of a separation
distance separating the first and second moving
objects, said circuit comprising:

separation distance calculating circuitry
operative responsive to the ranges between the
measuring position and the first and second moving
ocbjects, the speed -of at least one of the first and
second moving objects, and an elapsed time between
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WD 96/ 34254 PCT/ US96/ 05804

11 T[err] is the second tine, T2; and

Tl[err] is the first tine, T[err]. Tlerr] - T[err] is the

el apsed tine between targeting of the first and second vehicles. 5
Alternately, the separation distance (SD) can be cal cul ated at the
first time, WOHB4258y the fol |l owi ng equat i on: PCT/USI6AS804 Sh -
= (Rlerr]-Rerr]) + Serr](T[err]-T[err]) 10 wher ei n:

S[err] is the speed of the second vehicle; ggd t he

remai ni ng variables are as defined above. 15 If the

separation distance is |less than a

times at which the ranges between the measuring
position and the first and second moving objects,
said separation distance calculating circuitry for
calculating the values representative of the

5 separation distance separating the first and second
moving objects. -
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m ni mrum separ ati on di stance, the constabul ary, - other traffic

enforcenent, officials ateprovidedan rﬂUTtatlon of such, and
appropri ate enforcenent actions can be taken. 20

Al ternatively, the second vehicle 84 may be first targeted with the
device 10 apgoehiyss cafter, t he élrst vehi cl e 82 campchasbeusgrt ed w th
t he device 10, also to detern1ﬁ t he separation di stance

separating the vehlcles 82 and 84. 25, % pglg 3is simlar to that of
Fig. 2, but tfiat | n

85°and’ t he deville eigén? lﬁg {He ?r?tepﬁ‘é?tlBﬁﬂ BMa on B‘féﬂlé?'gﬁrf@% é‘i?*‘dQ%@)

Fggnﬁ R1giMs YM¥And 12 amended

posi tioned behind the second, OrcjifRR" unchanged (gnbgées)ge icle 84 30

I n one enbodi nent of the arran enent shown in %. 3, the device 10
first targets the first 1= A deelfe forgdeteppining@ v@lpmethaksisyehicle
82 is det er nrairasentdtive sperddparatdbni distainud thad. “Then,

the devicg 10 is tqgahfded' ibEe SGPUclla novtildilfactd, bhgarange to the
second vehicle 84
device comprising:

a range determiner positioned at a remote
position remote from the first and second moving
objects, said range determiner for determining a

10 first range between the remote position and the
first moving object wherein said first range is
determined at a first time, and for determining a
second range between the remcte position and the
second moving object wherein said second range is

15 determined at a second time;

a speed determiner for determining values
of speed of at least one of the first moving object
and the second moving object; and

calculating circuitry operative responsive

20 to the first range and the second range determined
by said range determiner, the values of speed -
determined by said speed determiner, and an elapsed
time interval between the first time and the second
time at which the determinations of the first range

25 and the second range are determined by said range
determiner, said calculating circuitry for
calculating values representative of the separation
distance that separates the first and second moving

objects.
30
2. A device for determining a value
representative of a separation distance separating
first and second moving objects, said device
comprising: '
35 : . a laser range finder positioned at a

remote position remote from the first and second
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12 determ ned, and the speed thereof is calculated. __ ___ Again
because of the finite anount of tine required to retarget the second
vehicle 84 after targeting the first vehicle 82, the second vehicle
84 is 5 targeted at a second tinme, T[err], while the first

vehicle 82 isW@ d at the first time, TL1. - APETORM(OSRM,

t he second vehicle 84 can first be Eargeted and, thereafter, the
first vehicle 82 can be targeted. ? Equat i ons anal ogous to
t hose set forth above re utiliéeg to deternige t he_separation

di st ances sepBPYLPE OPIRCYS  Spid Jaser FAPIRHLIPAGENFRT o5 82

and 84. Wen the sepde&ersinimgtafderstsrangs hdtween the remoteri num
separation distance, pbggtggﬂsgﬁpugt@r ¥irgt ,;g;,ing dgtjggg hraffdc enforcenent,
officials can take iggl?r'opri at e gnf orce{% t actLgns.
Appropriate mani pul afeSRTBINLRY | segend rangs, hetween the FeRots s can be
perforned t% deterni pesikéon and thecpecand owoving: ob3&Ftbet ween t he
pOSIt ti Olm ”:El of bt hel 20 ~ two #-@#&Pﬁ&eﬁ&#{ﬁﬁ% h&ﬁéﬂlﬂ?:_tng M%][l%teﬁ
particularly, by algehraic nj p iopn O uatj on e
separation di stance 8? Fﬁgegﬁ?étaq; a.LeasE one oht:ﬁ the firsgqmov ng object
and the second moving object; and
calculating circuitry operative responsive
10 tc the first range and the second range calculated
by said laser range finder, the speeds determined by
said speed determiner, and an elapsed time between
determinations of the first range and the second
range determined by said laser range finder, said
15 _ calculating circuitry for calculating values
representative of the separation distance separating
the first and second moving objects.

3. The device of claim 2 wherein said laser
20 range finder further comprises processing circuitry
coupled to said laser range finder, said processing
circuitry having algorithms executable therein for
calculating the first range and the second range.

25 4. The device of claim 2 wherein said speed
determiner comprises processing circuitry coupled to
said laser range finder determiner, said processing
circuitry having algorithms executable therein for
calculating the values of speed of the at least one

30 of the first moving object and the second moving
object.

5. The device of claim 3 wherein said
processing circuitry is further operative to

35 determine the elapsed time between the
determinations of the first range and the second
range.
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time T1l, the separation tine (ST) can be determ ned to be: 25

ST = SO S[err] = [(Rlerrf=Rerriy— Slerr](Tlerr] -Tlerr]yFr-Serr]

wherein the variables are as defined previously. I'n an _

al ternate enbodi nrent of the present 30 invention, the separation tine
can be util iwodssass provi de an indication of the sepaptfiosdsssshsSt ance
separating the vehicles. For any particul ar speed of travel of the
not or vehicles, the separation tine opiust be at least a certain time;
ot-herwi se the 35 separation di stance between the vehicles is |ess

than the proper anpbunt. 6. The dVi%% 3426%aim 1 wherein said

PCT/ US96/ 05804 caICulating”circuitry compriseszgiocessing circuitry

having algorithms executable therein for calculating
the separation distance separating the first and
5 second moving objects.

7. The device of claim 1 further comprising
an indicator coupled to said separation distance
calculating circuitry, said indicator for indicating

10 the separation distance calculated by said
separation distance calculating circuitry in human
perceptible form.

8. The device of claim 1 wherein the first
15 and second moving objects comprise first and second
motor vehicles, said device further comprising a
memory element for storing data therein
representative of permitted separation distances
between the first and second moving vehicles
20 travelling at at least one speed.

9. The device of claim 8 wherein the data
stored in said memory element comprises data
representative of permitted separation distances

25 between the first and second moving vehicles
travelling at a plurality of different speeds.

10. The device of claim 8 wherein the data
stored in said memory element comprises data
30 representative of permitted separation distances in
a plurality of different jurisdictions between the
first and second moving vehicles,

11. The device of claim 8 further comprising a
35 comparator coupled to receive the data stored in
said memory element and coupled to receive the
separation distance calculated by said calculating

WM sososemesn I



An indication of the separation distances separating the notor
vehicles 82 and 84 may_also be . _determned by such-calculation of -

Ctine. Fig. 4 illustrates the nethod of operation of 5 an
enbodi mrent of the present invention. The nethod can be effectuated,
for exanpl e, ration of the device 10 shown i ' X
First, and ggg%%%ggated by the block 112, the ranggrggﬂgﬁé??%t
vehicle is determ ned. Then, and 10 "asg.,i ndicated by the block 114, the
time when this first range is deteffined is identified.

Thereafter, and as jhdi h 1 {he . r tg a second
vehicle is deternin%%%uﬁiggié g&ih gbééé#%%&%c??ﬁdcﬁﬁpﬁﬁﬁ? W@@%g%lg? the tinme
at which 15 t hi Bhe fnfe wthevalyesaf ithei geparatinn distance and Then,
and as indicated byféhagdrier@ltihg2antdrthunciaticfipeighail wilerl ®aet valhader the

first vehicle or th vehl | §.C I d.

Finally, and as i nd:a:%a od ﬁgfaﬁﬁgggvoc%%},e ?’ﬁefé%y ﬁ;a%sécpt)zgrg |18ﬁ afstance
separati nd the firsthapr%econd vehicles is calculated. If the
separation di stance separating the vehicles is I ess than a m ni num

separation distance, ap ﬂprha;ngtgg&idfgnpm Oér@?n{.%%apvah%en by enf or cenent

officials. 25 e device an resent invention
provi des a quantit a¥¢REesentativecnt # s9Raratigp diskance separating
first and second moving objects, said method

10 conprising the steps of:

_ determining a first range between a
measuring position located remote from both the
first and the second moving objects and the first
moving object, said first range being determined at

15 a first time;
determining a second range between the
measuring position and the second moving object,
- sald second range being determined at a second time;
determining values of speed of at least
20 one of the first moving object and the second moving
object; and
calculating the value representative of
the separation distance separating the first and
second moving objects based upon said first range,
25 said second range, a time interval that exists
between said first time and said second time, anad
said values of speed of at least one of the first
moving object and the second moving object.

30 13. The method of claim 12 comprising the
further step of indicating in human perceptible form
the value representative of the separation distance
calculated during said step of calculating.

35 14. The method of claim 12 wherein the first
and second moving objects comprise first and second
motor vehicles and wherein the method comprises the
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di stances separating noving objects, such as notor vehi cl es

travel ling al ong a roadway. VWen at [ east ~ m ni mum separ ati on

di stances between notor vehicles 30 - are not naintained, appropriate

enf or cenent personnel can take appropriate enforcenent actions.
Present | y- prebesses enbodi nents of the present I NnVeRCT/UBPENS8s¢ been
described with a degree of 35 particularity. The previous descriptions
are of preferred exanples for inplendting the invention, WO
96/ 34254 PCT/ US96/ 05804

14° and t he fuvphenfstepe ofngtoring dataurgpresentativenofessarily be

limted by this desgéimitiis sbparation dlstaiceb LEByEEEIY FiRenbhan i s
defined by the seég%é(ggJE%gpLghggles travelling at at least one
speaed.

15. The method of claim 14 comprising the
further steps of:
comparing the data stored during said step.
of storing with the value representative of the
10 separation distance calculated during said step of
calculating; and
generating an annunciation signal when the
value representative of the separation distance is
of a value less than a value of the data.
15
16. In a laser range finder and speed detector
for determining ranges between a measuring position
and a least first and second moving objects and for
determining speeds of the at least first and second
20 moving objects, an improvement of a circuit for
determining values representative of a separation
distance separating the first and second moving
objects, said circuit comprising:
separation distance calculating circuitry
25 operative responsive to the ranges between the
measuring position and the first and second moving
objects, the speed of at least one of the first and
second moving objects, and an elapsed time between
times at which the ranges between the measuring
30 position and the first and second moving objects,
said separation distance calculating circuitry for
calculating the values representative of the
separation distance separating the first and second
moving objects.
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of speed of at |east one of the first noving object and the
second-ppw-Rg—oDbj ect ; -afd— : cal cul ating circurtry
operative responsive 20 to the first range and the second range
determ ned by said range determ ner, the values of speed

det er m ned oy ofi9aéy Speed determ ner, and an el apsed - PCT/US96/03804
interval between the first tine and the second ; time at which the
determ nations of the first range 25 and the second range are
determ ned by said range determ ner, said calculating circuitry
for cal cul ating val ues representative of the separation

di stance that separates the first and@f@cond novi ng obj ects. 30
2. A device for determning a val ue representative of a
separation di stance separating first and second noving objects,
said device conprising: 35 a |l aser range
finder positi@ned at a renote¢gosition renmote fromthe first and
second < 16

N

ig. 3
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novi ng obj ect s,

sai d | aser

range finder for

determning a first

range—bet weepn—t-he—+erpte——  —posi t+onmand t he frrst—Tovimg obj ect ™ aid

for

position and the second novi ng object;

det er m ner wwehesl@sL£r M ni ng val ues

the first noving object
calculating circuitry operative responsive 10
by said |l aser range finder, the

t he second range cal cul at ed

speeds det erni ned by

bet ween

separation distance separatiing

obj ect s.

range finder further conpri
said | aser range finder,
al gorithns executable therein for

determn
range determned by said |ager

circuitry for calcul ating val ues DETERMINEE%\NEE?ée”t at

and the second range.

sai d speed

Fig. 4

sai

25

determ ning a second range between the renote 5

a speed

of speed of ascHesdsbssone of

and the second novi ng object; and

sai d s@¢8d deterniner,

range finder, said 15

FIRST

The "devi ce o Claim?2

eS proceSS|ng CIrCUItry

to the first

and

range and

elapsed tinme
econd

cal cul ating

e of the

rst andf second noving

erein said | aser 20
coupled to

il

THTCui try having
calculating the first
The device of glgai m 2 wherein

r ange

IDENTIFY TIME AT WHICH
RANGE TO FIRST VEHICLE
IS DETERMINED.

/

:

116

DETERMINE RANGE TO
SECOND VEHICLE.

/

l

118

IDENTIFY TIME AT WHICH
RANGE TO SECOND
VEHICLE IS DETERMINED

L/

!

‘CALCULATE SPEED OF AT

LEAST EITHER THE FIRST

VEHICLE OR THE SECOND
VEHICLE.

S/

e

4
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CALCULATE SEPARATION
DISTANCE SEPARATING THE

FIRST AND SECOND VEHICLES.




determ ner ‘conpri ses processing Ci rcuitry coupl ed to nnT[US gabc/ IQ5€80 4

range finder determniner, said processi ng Ci I Galjulal n
al gorithns executabl e therel n for cal cul ati nwEMJ'QI‘ngﬁp 1995

speed of the at |east one 30 of the flrst novi ng obj ect and the
second novi ng obj ect. 15 5. The device of claim
3 wherein said r,ocess CU|try is further operative to 35
det ernine the el apsed tlggp (ﬁi%ﬁﬂ?é det er mi nati ons of the
first range and the second range.

17 6. Tpne devig& Qe G 'He]té&@ﬁrzﬁ:{b Pihiue .that is
calculating circuitry conprises processing Circu

al gori t hns execut ableRrrRsN¥AYHre @ff AulSgRaxption alls‘l'-<'=‘1'1‘3‘:ehe"-"l's?e“fpar__at i on
di stance sgparating ddpafdted Si¥ht and second WSAAhdBEJEEY) efd S

device comprising: _

a range determiner positioned at a remote
position remote from the first and second moving
objects, said range determiner for determining a

10 first range between the remote position and the
first moving object wherein said first range is
determined at a first time, and for determining a
second range between the remote position and the
second moving object wherein said second range is
15 determined at a second time;

a speed determlner for determlnlng values
of speed of at least one of the first moving object
and the second moving object; and '

calculating circuitry operative responsive

20 to the first range and the second range determined
by said range determiner, the values of speed

-— determined by said speed determiner, and an elapsed
time interval between the first time and the second
time at which the determinations of the first range

— 25 and the second range are determined by said range

determiner, said calculating circuitry for

calculating values representative of the separation
distance that separates the first and second moving

objects.
39
2. A device for determining a value
representative of a separation distance separating
first and second moving objects, said device
comprising:
35 a laser range finder positioned at a

remote position remote from the first and second

R R A0 0
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7. '_T'h'é-dé\-/-i ce of clai m 1 further éorrpri si ng 4u§09t§r/ 05 80 [l'
coupl ed to said separation distance cal cul ati dPEA/u@ 1r'K/ SE& '&996

i ndi.cator for indicating 10 t he separation distance cal cul ated
sai d separation di stance cal cul at%gg circuitry in human
perceptible form . The device of claim1l wherein the
first 15 é@fﬁ% oé)éfd:t M&' fd e b sECONd

not or vehi cl es, salgn devi doﬁ ﬂ%r conprjlﬁam ngq e © menory el ement
for storing data thdehermining a Lixsh candgehelerensn ghieninanateeparat i on

di stances ﬁzﬁéwﬁhti\edfmétfﬁf& SRS b dut @l ates 20

travel ling at at Iegft one, %f The evice of claim8
wherein the data etermin %go?e%ecf?f‘%aﬁ%‘%rﬁﬁ TS ses data
representaive of pesesitiboh sapdreiie oseathrd anmangEnbject, bet ween the

first and second noving vehi lesspeeq_odetﬁ-,m & Edd %%r@.%a& dide

di fferent speeds. eV|ce of C erern
dat a st oraftl speedi of nhoigast anstof dis iSiestaering Object

and the second moving ocbject; and
calculating circuitry operative responsive
10 to the first range and the second range calculated
by said laser range finder, the speeds determined by
said speed determiner, and an elapsed time between
determinations of the first range and the second
range determined by said laser range finder, said
15 calculating circuitry for calculating values
representative of the separatlon dlstance separatlnq
the first and second moving objects.

3. The device of claim 2 wherein said laser
20 range finder further comprises processing circuitry
coupled to said laser range finder, said processing
—_— circuitry having algorithms executable therein. for. . .
calculating the first range and the second range.

25 4. The device of claim 2 wherein said speed
determiner comprises processing circuitry coupled to
said laser range finder determiner, said processing
circuitry having algorithms executable therein for
calculating the values of speed of the at least one

30 of the first moving object and the second moving
object.

5. The device of claim 3 wherein said
processing circuitry is further operative to
35 determine the elapsed time between the
determinations of the first range and the second
range.

(NN |
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30" ©. " representative of permitted separation dist anc2GT{US 9 6 / 05 80 .

plurality of different jurisdictions between the Eﬂé@hﬁ n
second novi ng vehi cl es. " 11. The device oiP i g.%uSEH%HQQG
conprising a 35 conparat or coupled to receive the data stored in

said nenory el enment and coupled to receive the separation
di stance cal cul at ed by s%éd C

cul ati.n . . .
18 circuitry, Rai d%p%vdt‘%‘ ot & iReRAt e
the data w th val uescalcd et iepariatcwitr stamprei sewl processing fatrcuitry
generating an annungi.at| 1ﬂggi]ﬁm? . f .
separation di st ancecril‘%;#g‘gsﬂf an % e \r/%{%'gl%@g th?relnt%%f).cﬁi%g&llatlng
12. A nethod for detdrer seprratien istance separgfiinyeriche i first and
separati ors di st ance $&PM@MEWing objects.

7. The device of claim 1 further comprising
an indicator coupled to said separation distance
calculating circuitry, said indicator for indicating

10 the separation distance calculated by said
separation distance calculating circuitry in human
perceptible form. ’

8. The device of claim 1 wherein the first
15 and second moving objects comprise first and second
motor vehicles, said device further comprising a
memory element for storing data therein .
representative of permitted separation distances
between the first and second moving vehicles
20 travelling at at least one speed.

crem—— meesm———————— - - Q4 —The device of claim 8 wherein the data

stored in said memory element comprises data

representative of permitted separation distances
. 25 between the first and second moving vehicles

travelling at a plurality of different speeds.

10. The device of claim 8 wherein the data
stored in said memory element comprises data
30 representative of permitted separation distances in
a plurality of different jurisdictions between the
first and second moving vehicles.

11. The device of claim 8 further comprising a
35 comparator coupled to receive the data stored in
said memory element and coupled to receive the
separation distance calculated by said calculating

e
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fi rst.and second noving objects, said nmethod 10 cgsf)-”gﬁmgt 6«3/50&80 L
of : detern1n|ng a first range between

measuring - p05| tion located renote fromboth the fﬁ)ENusjltzeSEP 1996
second novi ng objects and the first novi ng obj ect, said first

range being determ ned at 15 , a first Bne;

detern1n|ng a second [ange bet weep _t neasurlngF osition and the
second novi ng obj ect Sireditry, sgé?dCQEE%ﬁﬂt?ﬁnﬁ%rb%?%@aﬁ rFRHRESaPta

second tine, the data with dg&leesi of ntheaseparaticsnedilstaneé anast

object; and . For 58heRELRY, &8 ShhuRC At Cn BEORE) HER e Rappe

t he separation dist anfetbepaeparatiohedistancanils less thanstbenvahvei af

obj ects baged upon S@hg kihEst range, 25 said second range, a tine
I nterval that ex between said first tinme and said second
tinme, and sai d values of speed of at |east one of the first

noving obj ect and the secepd NRVhEEhea) £6% - detéﬁmlnlng a va1ue13 The
met hod of claim 12 co |nd|c€t|ng in -

risin
nurmn per cept bl o f PApresentative ot g pemarebttBoniatebes srepnEting
separation distance first and seabnd|mdeinguobiectaj dsai@pmmethodl cul ating.

10 comprising the steps of:
determining a first range between a
measuring position located remote from both the
first and the second moving objects and the first
moving object, said first range being determined at
15 a first time;
determining a second range between the
measuring position and the gécond moving object,
said second range being determined at a second time;
determining values of speed of at least
20 one of the first moving object and the second moving
object; and

- - -calculating the value representative of
the separation distance separating the first and
second moving objects based upon said first range,

— 25 said second range, a time interval that exists
between said first time and said second time, and
said values of speed of at least one of the first
moving object and the second moving object.

30 13. The method of claim 12 comprising the
' further step of indicating in human perceptible form
the value representative of the separation distance
calculated during said step of calculating.

35 14. The method of claim 12 wherein the first

and second moving objects comprise first and second
motor vehicles and wherein the method comprises the

AMENDED SHEET



35 .. . 14.” The method of claim 12 wherein the ?GHUS 67/9 /
and second novi ng objects conprise first and second IPEAJ br SL_ f%
vehi cl es” and wherein the nmethod conprises the

19 ° further step of storing data representative of permtted

separation di stances between the first and 12second noving vehicles
travelling at at | east Qne The net hod of claim

speed.. 5 15.
14 conprising the FuFtheh&teRr §f gforing data represeptahivr) he data
stored during sai d jieamittedfsegaratnpnidistarcesbetwesns edentirste axidt he

gener ating. an annand S ST Gt i WA <the an an R BedY he
separation distance speed. of a value |less than a value of the data. 15
5 - o
15. The method of claim 14 comprising the
further steps of:
comparing the data stored during said step
of storing with the value representative of the
10 separation distance calculated during said step of
calculating; and
generating an annunciation signal when the
value representative of the separation distance is
of a value less than a value of the data.
15
16. In a laser range fiqger and speed detector
for determining ranges between a measuring position
and a least first and second moving objects and for
determining speeds of the at least first and second
20 moving objects, an improvement of a circuit for
determining values representative of a separation
distance separating the first and second moving
objects, said circuit comprising:
separation distance calculating circuitry
— 25 operative responsive to the ranges between the
measuring position and the first and second moving
objects, the speed of at least one of the first and
second moving objects, and an elapsed time between
times at which the ranges between the measuring
30 position and the first and second moving objects,
said separation distance calculating circuitry for
calculating the values representative of the
separation distance separating the first and second
moving objects.

0 g g
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16. Insa laser range finder and speed detector | for determ ning ranges

bet ween a measurtmg—positiom Dg%easw‘rrst and sécond novi ng

obj ects. and for determ ni ng speed Pif | east first and second 20
novi ng obj ects, an inprovenent of a Ci WT{S‘O det ermi ni g al ues
representative of a separation @'\@ ahce separating the filg#8hnd second

nmovi ng obj ePGT sai d ci wowip ALFROPERTY ORCANIZATION S ovaed

di st ance calculatigg circuitry 25 obarative res on5|vetoth ranq_’e{s
bet ween tINEERNATIONAL APPI i ELPA COORERATIONEREATY (PCT)
Qbj ect sp IreatibprBantaiastitatbctrst one Pf 1 1§ rhtirhsAbnaPrRiblication N&ONd NOWION96/34254

obj ectls, @at Hvs, ColP 386, BEOTT/BEBSIENAL times at which the ranges between
the mgaswuadng 30 position and the [i r${493pternationsiFivblication Patgy o [F Beiqber 1996 (31.10.96)

said geparation distance calculating cirguirtry for cal culgat i ng the
val ueq W’é’pff’é’!&’éﬁtﬂh@"ﬁ?’f‘%e PCTRIEY645344 @h% f i (3 TB KRR, Bupopes ppmg
and s ¢ e tobernational Wikl Béte: OD] €C oS April 1996 (25.04.96) NL, PT, SE).
(30) Priority Data: Published
08/429,110 26 April 1995 (26.04.95) us With international search report.
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(57) Abstract

A device, and un_mocxaled method, for determining separation distances separating motor vehicles (82, 84) travelling along a
roadway. A separation distance npm;lng the motor vehiclea is calculated responsive to targeting the vehicles with a laser range finder (16)
and determining the speeds of the vehicles, From this information, the separation distances scparating the motor vehicles can be calculated.
[f_t.!le separation distance separating the motor vehicles is less than a minimum_distance, then the calculated separation distance can be
utilized by traffic enforcement officials to take appropriate enforcement actions.




