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MOVING MODE, OPPOSITE LANE, FASTEST SEARCH - SINGLE ANTENNA
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DOPPLER COMPLEX FFT POLICE RADAR WITH
DIRECTION SENSING CAPABILITY

FIELD OF USE

[0001] The invention is useful in the field of traffic sur-
veillance radars.

[0002] In certain multitarget situations when traffic is
being observed by a police doppler radar in the same lane as
the patrol car and in the opposite lane, it is useful to be able
to limit the targets whose speeds are displayed to targets
only in the same lane or only in the opposite lane. The same
is true for stationary operation at the roadside. Further, it is
useful to be able to use the radar to search for only the
strongest target or both the strongest target and the fastest
target or only the fastest target.

[0003] Police doppler fast fourier transform digital signal
processing radars which can find the strongest target have
been in public use for many years starting with the intro-
duction of the Stalker radar by Applied Concepts, Inc. of
Plano, Tex. Police doppler fast fourier transform digital
signal processing radars which can find the strongest target
or the strongest target with simultaneous dispay of the fastest
target have been in public use for many years starting with
the introduction of the Stalker Dual radar by Applied Con-
cepts, Inc. of Plano, Tex. The Stalker Dual radar is fully
described in U.S. Pat. No. 5,691,724 which has an effective
filing date of Feb. 10, 1995, the full contents of which are
hereby incorporated by reference. Police doppler fast fourier
transform digital signal processing radars which can find the
strongest target or the fastest target in separate searches
selected by the operator have been in public use for many
years starting with the introduction of the Eagle series of
radars by Kustom Signals, Inc. of Lenexa, Kans. The Eagle
series of radars are partially described in U.S. Pat. No.
5,528,246, the contents of which are hereby incorporated by
reference. There is a significant difference between the
Stalker Dual radar and the Eagle series of radars, as
described in U.S. Pat. 5,528,246 in that in the Stalker Dual
radars, there is no separate search for the fastest target which
can be selected by the operator and which ignores the
strongest targets. The Stalker Dual always searches for the
strongest target even when the operator selects fastest mode,
and will not search for a fastest target until a valid strongest
target has been found.

[0004] All of the FFTs done in the Stalker and Eagle series
radars are non-complext FFTs, and none of these radars had
direction sensing capability. An analog doppler radar that
has direction sensing capability is disclosed in U.S. Pat. No.
5,557,281, the contents of which are hereby incorporated by
reference. That radar discloses a quadrature shifted two
channel doppler signal that is processed by a PLL to lock
onto the frequency of one doppler signals in one channel.
Another set of circuits determines direction by examining
both channels and sends a signal to the PLL line of circuitry
to tell it which direction the target it is locked on is
travelling. It is unclear if this analog radar is operative in a
multitarget environment where the strength of the various
targets is varying rapidly since it is unclear which target the
PLL will lock onto and which target will be sensed for
direction. It is possible that the direction sensing circuitry
will tell the PLL circuitry the direction of a different target
than the target to which the PLL is locked thereby causing
an error.

Dec. 23, 2004

[0005] Therefore, a need has arisen for a digital FFT radar
with direction sensing capability. Further, a need has arisen
for such a radar that can find the strongest or fastest and
strongest target or the fastest target alone.

SUMMARY OF THE INVENTION

[0006] There is disclosed herein a digital, complex FFT
radar with direction sensing capability using a two channel
doppler front end with a 90 degree phase shift in the doppler
signals of the two channels. The two channels of information
are, optionally, digitally gain controlled, and are digitized.
The digital samples from each channel are then processed by
a digital signal processor using a complex FFT resulting in
a receding target spectrum and an approaching target spec-
trum of Fourier components.

[0007] Several single mode radars are disclosed in the
form of flowcharts indicating the manner of processing the
two half spectra of receding and approaching targets to find
either the strongest target alone or the fastest target alone in
various stationary, moving same lane or moving opposite
lane operation.

[0008] There is also disclosed a process for a multimode
digital FFT, direction sensing, doppler radar where the
operator can select between the following modes:

[0009] stationary, strongest only, receding only

[0010] stationary, strongest only, approaching only

[0011] stationary, strongest and fastest, approaching
only

[0012] stationary, strongest and fastest, receding only

[0013] moving, same lane only, strongest only

[0014] moving, same lane only, strongest and fastest

[0015] moving, opposite lane only, strongest only

[0016] moving, opposite lane, only, strongest and fast-
est

[0017] An alternative embodiment is also disclosed for a
multimode digital FFT, direction sensing, doppler radar
where the operator can select between the following modes:

[0018]
[0019]
[0020]
[0021]
[0022]
[0023]
[0024]
[0025]

[0026] In all fastest search embodiments, it is preferred to
collect samples which were digitized at a known gain level
by virtue of using the DSP to control the gain of an amplifier
such as the amplifiers 62 and 64 in FIG. 3 and the two
amplifiers 62 and 64 in the two channels, of FIG. 4. Further,
in all fastest searches, it is preferable to do a strongest search
first and to maintain a record of some number of the
strongest signals in the spectrum such that the fastest target
candidates can be screened to eliminate false fastest targets.

stationary, strongest only, receding only
stationary, strongest only, approaching only
stationary, fastest only, approaching only
stationary, fastest only, receding only
moving, same lane only, strongest only
moving, same lane only, fastest only
moving, opposite lane only, strongest only

moving, opposite lane only, fastest only
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It is known that false fastest targets can arise as second or
third harmonics of patrol speed or other strong signals in the
spectrum and can arise as the sum products of two strong
signals in the spectrum if the signals are strong enough to
exceed a harmonic threshold or if the signals are strong
enough to exceed an intermodulation product threshold. By
doing a strongest search first and keeping track of the
frequencies of the strong signals, qualification tests can
eliminate fastest candidates if it appears that they may be
harmonics or intermodulation products of the known strong
signals. It is necessary to know the frequency of the patrol
speed and strong signals to make such a screening.

[0027] A further degree of refinement in the fastest target
screening process is provided by using the controlled gain
amplifiers to amplify the doppler signals before they are
digitized. By knowing the gain that was in effect as each
batch of samples were gathered, it is possible to calculate the
true power of any signal in the spectrum from its apparent
or relative power and the gain that was in effect when the
samples were collected. This allows fastest target candidates
to be not rejected even if they are at a frequency that is a
double or triple of the patrol speed or a strong signal if the
patrol speed or strong signal does not have a true power that
exceeds an experimentally determined harmonic generation
threshold. Likewise, a fastest candidate that has a frequency
that happens to be at the sum of the frequencies of two strong
signals need not be eliminated if the true powers of the two
strong signals do not exceed power thresholds which are
experimentally determined to be likely to cause intermodu-
lation products to exist. This has the significant advantage
that it does not blind the radar to legitimate fastest targets if
the underlying strong signals are not strong enough to have
caused harmonics or intermodulation products.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a block diagram of the circuitry of a
digital, FFT, direction sensing radar which can be used to
practice the invention.

[0029] FIG. 2 is a block diagram of the preferred form of
quadrature mixer.

[0030] FIG. 3 is a block diagram of a preferred form of
police doppler radar having a controlled gain amplifier in
front of the analog-to-digital converters to improve the
useful operating range and having direction sensing capa-
bility.

[0031] FIG. 4 is a block diagram of a preferred form of
two antenna, controlled gain police doppler radar with
direction sensing capability.

[0032] FIG. 5 is a flowchart of a process carried out by the
digital signal processor for any of the embodiments of
FIGS. 1-4 to implement a single mode, stationary strongest
search for single direction targets ony.

[0033] FIG. 6 is a flowchart of the process carried out by
the digital signal processor for any of the embodiments of
FIGS. 1-4 to implement a single mode, stationary strongest
search for targets travelling either toward or away from the
radar.

[0034] FIG. 7 is a flowchart of a process carried out by the
digital signal processor for any of the embodiments of
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FIGS. 1-4 to implement a single mode, stationary fastest
target search for single direction targets ony.

[0035] FIG. 8 is a flowchart of a process carried out by the
digital signal processor for any of the embodiments of
FIGS. 1-4 to implement a single mode, stationary fastest
target search for targets travelling either toward or away
from the radar.

[0036] FIG. 9 is a flowchart of a process carried out by the
digital signal processor for any of the embodiments of
FIGS. 1-4 to implement a single mode, moving, fastest
target, opposite lane search for targets travelling in a single
direction with an antenna pointing either forward or rear-
ward.

[0037] FIG. 10 is a flowchart of a process carried out by
the digital signal processor for any of the embodiments of
FIGS. 1-4 to implement a single mode, moving, strongest
target, opposite lane search for targets travelling in a single
direction with an antenna pointing either forward or rear-
ward.

[0038] FIG. 11 is a flowchart of a process carried out by
the digital signal processor for any of the embodiments of
FIGS. 1-4 to implement a single mode, moving, same lane,
fastest target search for targets travelling in a single direction
with an antenna pointing forward.

[0039] FIG. 12 is a flowchart of a process carried out by
the digital signal processor for any of the embodiments of
FIGS. 1-4 to implement a single mode, moving, same lane,
strongest target search for targets travelling in a single
direction with an antenna pointing forward.

[0040] FIGS. 13A through 13M together comprise a
flowchart of the process carried out by the DSP in the
embodiment of FIG. 4 or any other such two antenna
embodiment to implement a multimode, doppler, complex
FFT, direction sensing traffic surveillance radar where the
operator can choose between a strongest only search or a
strongest and fastest target search in either stationary, mov-
ing opposite lane or moving same lane modes of operation
and can also choose between either a front or a rear antenna.

[0041] FIGS. 14A through 14M together comprise a
flowchart of the process carried out by the DSP in the
embodiment of FIG. 4 or any other such two antenna
embodiment to implement a multimode, doppler, complex
FFT, direction sensing traffic surveillance radar where the
operator can choose between a strongest only search or a
fastest target only search in either stationary, moving oppo-
site lane or moving same lane modes of operation and can
also choose between either a front or a rear antenna.

DETAILED DESCRIPTION OF THE %
PREFERRED AND ALTERNATIVE
EMBODIMENTS

[0042] Referring to FIG. 1, there is shown a block dia-
gram of a doppler, complex FFT, digital radar with direction
sensing capability. A microwave antenna 10 is used to
transmit outgoing radar beams and receive reflected radar
energy from moving and stationary objects. Outgoing radar
waves are generated by local oscillator 12. Duplexer 14 is
used to guide outgoing energy from local oscillator 12 to
antenna 10 and guide reflected energy received by antenna
10 out on line 16 to quadrature mixer 18. A capacitive probe
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20 picks up some of the outgoing local oscillator energy and
couples it to a local oscillator input of quadrature mixer 18.

[0043] FIG. 2 is a block diagram of quadrature mixer 18.
The function of the quadrature mixer is to mix local oscil-
lator energy with incoming RF of reflected waves in two
separate mixers in two separate channels and shift one
channel 90 degrees relative to the other channel. Incoming
RF from the duplexer arrives via line 16 at a channel A mixer
22 and a channel B mixer 24. Local oscillator energy arrives
on line 20 and is coupled directly into a second input of
mixer 22. The local oscillator energy is also coupled to a
second input of mixer 24 through a 90 degree phase shifter
26. The function of the phase shifter is to shift the local
oscillator signal on line 28 90 degrees (or any integer
multiple of 90 degrees hereafter simply referred to as a 90
degree phase shift) in either direction relative to the local
oscillator signal on line 20. In alternative embodiments,
instead of shifting the local oscillator signal by 90 degrees,
the incoming RF can be shifted by 90 degrees at the input of
one mixer relative to the same incoming RF at the input of
the other mixer.

[0044] The 90 degree phase shift can be achieved in any
known manner. In the preferred embodiment, the 90 degree
phase shift is achieved by having a microwave transmission
line which is one-quarter wavelength (at the frequency of
operation) longer in the path from the local oscillator or RF
input 16 to one mixer than it is in the path to the other mixer.
Other techniques such as reactive circuits or delay lines
could also be used.

[0045] The mixers 22 and 24 mix the local oscillator
signals with the doppler shifted RF signals reflected from
stationary and moving objects and output sum and difference
frequencies on each of the channel A line 32 and the channel
B line 34. Each of these lines is coupled to a low pass filter
36 and 38, respectively. Preferably, to reduce errors and
noise, the mixers and low pass filters are matched as closely
as possible since amplitude variations between channel A
and channel B cause noise in the system, The function of the
low pass filters is to remove the upper sideband (local
oscillator plus doppler shifted RF) from each of the spec-
trum on lines 32 and 34 so that only the difference frequen-
cies are output on lines 40 and 42.

[0046] Returning to the consideration of FIG. 1 the chan-
nel A and channel B outputs on lines 40 and 42 are coupled
to the inputs of a pair of amplifiers 44 and 46. For best
performance, amplifiers 44 and 46 are matched and low
noise.

[0047] The outputs of the amplifiers are coupled either
directly to the input of analog-to-digital converters 48 and
50 or indirectly through an optional gain control circuit 52.
The optional gain control circuit can be either a two channel
gain control circuit with matched circuitry in both channels
or two separate gain control circuits which are matched as
closely as possible. The gain control circuits are only
necessary in radars where targets might be tracked to dis-
tances which are so close that their amplitude changes from
the farthest distance at which they are acquired to the closest
distance from the radar to which the target approaches is
greater than the dynamic range of the radar. Dynamic range
is determined by a number of things including the range of
the analog-to-digital converters and the noise floor of the
system. Typical dynamic range is about 70 dB which trans-
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lates to a range of tracking a target from about 1.5 miles
down to 140 feet before the dynamic range of the radar is
exceeded. As long as targets are tracked only within this
range and strong returns from stationary objects close to the
radar are not received, the radar will be accurate without the
use of automatic gain control circuit 52. However, it is
preferred to have gain control circuit 52 so that issues of
accuracy of readings caused by exceeding the dynamic
range of the radar need not be of concern. The gain control
circuits can be self-regulating or receive gain control signals
from digital signal processor 54.

[0048] The function of the A/D converters 48 and 50 is to
sample the analog signals on lines 51 and 53 and output
these samples as digital sample values on buses 56 and 58
coupled to digital signal processor 54. The manner of getting
the channel A and channel B digital samples into the DSP 54
is not important and any physical structure such as a single
shared bus or two buses and interrupt or polled or serial
synchronous data frame transmission on a single serial
format data path may be used. In the preferred embodiment,
the A/D converters are located in a separate housing and are
a single, two-channel A/D converter which outputs two
words of data bits in each frame, each word encoding the
sample from either channel A or channel B. A serial data path
carries the concatenated serial format words along with a
master clock signal from the A/D converter in the antenna
housing to the main processing unit having DSP 54 and
located in another housing. Frame synchronization is
achieved by having a clock pulse of the master clock signal
at the frame boundary modified to have a wider than normal
pulse width. In the broadest definition of the genus of radars
according to the teachings of the invention, the manner in
which the digital samples from channels A and B are
transmitted to the DSP is not important.

[0049] The function of the digital signal processor 54 is to
process the digital samples from channels A and B by
performing a complex fast fourier transform on them to
develop an approaching target Fourier spectrum and a reced-
ing target Fourier spectrum and then to analyze one or both
of these spectrums to determine a target speed and display
it. A number of flowcharts are included below which define
the processing of the DSP in various alternative embodi-
ments. In some of these alternative embodiments, the radar
functions as a single-antenna, single-mode radar that finds
one target speed and displays it where the sought for target
might be the strongest target or the fastest target and the
radar may be moving or stationary depending upon the
mode. In another alternative embodiment, the DSP carries
out a process to implement a multimode radar where opera-
tor selection of moving or stationary mode and between
approaching targets only and receding targets only is pro-
vided and operator selection between strongest only or
strongest and fastest target searching and display in any of
these modes is also provided. Operator selectability between
moving same lane and moving opposite lane and between
front and rear antennas is also provided as well as operator
selectability between strongest only or strongest and fastest
search and display.

[0050] In another alternative embodiment, the DSP carries
out a process to implement a multimode radar where opera-
tor selection of moving or stationary mode and between
approaching targets only and receding targets only is pro-
vided and operator selection between strongest only or
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fastest only target searching and display in any of these
modes is also provided. Operator selectability between mov-
ing same lane and moving opposite lane and between front
and rear antennas is also provided as well as operator
selectability between strongest only or fastest only search
and display. The selected target or targets found in the search
has the frequency of its Fourier component converted to
speed and displayed on display 60. Display 60 typically has
three display windows, one for patrol speed in moving
modes, one for the strongest target’s speed and one for the
fastest target’s speed. In embodiments where operator
selectability between either fastest or strongest is provided,
only two display windows are needed, one for strongest or
fastest target speed and one for patrol speed in moving
modes. Optional front panel or remote control switches 61
provide operator selectability of the target speeds to be
displayed or the searches to perform on the Fourier spectra
generated by the complex FFT by selection between the
various modes if the DSP 54 is programmed to be capable
of implementing more than one operator selectable mode.

[0051] In species within the genus of the invention
wherein patrol car speed is determined from the car’s
speedometer (as opposed to processing returns from station-
ary objects such as the ground), an optional speedometer
link transducer 59 provides a signal or data to the DSP from
which the indicated speed on the speedometer can be
determined for use in moving mode target speed calcula-
tions.

[0052] FIG. 3 is a block diagram of the preferred embodi-
ment for the circuitry of a digital, doppler, complex FFT
traffic radar using gain control amplifiers which are con-
trolled by the DSP for better screening of fastest targets. All
devices having reference numbers which are the same as
reference numbers on blocks in FIG. 1 have the same
structure and function in the combination as like numbered
structures in FIG. 1. Gain control amplifiers 62 and 64 are
coupled to amplify the channel A and B signals on lines 66
and 68 output by the matched, low noise preamplifiers 44
and 46. The gain of amplifiers 62 and 64 is controlled by
signals on line 70 which is controlled by DSP 54. The gain
control signals may be digital signals sent by DSP 54 as a
result of processing like the gain control processing
described in U.S. Pat. No. 5,691,724. ***Alternatively, the
gain control signals may be analog signals derived from data
output by the DSP 54. Alternatively, an automatic gain
control circuit can be used with the autmatic gain control
reporting its gain to the DSP either by a polling or interrupt
process.

[0053] The advantage of having gain control amplifiers
controlled by the DSP, or, alternatively, providing knowl-
edge to the DSP as to what gain was in effect during the time
each sample was collected is that such knowledge provides
the ability to extend the dynamic range of the radar. Knowl-
edge of the gain in effect during the time each buffer of
samples is collected allows the DSP to calculate the true
power of signals in the Fourier spectrum in the manner
described in U.S. Pat. No. 5,691,724. This provides the
ability to do better screening of strongest and fastest candi-
dates to eliminate false targets caused by harmonics and
intermodulation products between strong signals in the
spectrum. Generally, false targets, whether strongest or
fastest, can be caused by harmonics of strong signals such as
the patrol speed or strong targets caused by target vehicles
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which are close or have large radar cross sections or both,
Likewise, it has been found that false targets, especially false
fastest targets, can be created when multiple strong targets
exist in the spectrum and their signals mix to create sum and
difference products.

[0054] Generally, neither harmonics nor intermodulation
products will be generated at a sufficient amplitude to be
detected as false targets unless the strong signals are above
a certain true power level. Having knowledge of the gain in
effect when each buffer of samples was collected allows the
DSP to calculate the true power of the strongest signals in
the spectrum. This knowledge of true power along with the
knowledge of the speed of each of the strong signals in the
spectrum allows the DSP to screen target candidates, espe-
cially fastest target candidates, to eliminate candidates that
are probably harmonics or intermodulation products of
various strong signals in the spectrum. This is also a serious
advantage in the embodiments described herein which do
strongest searching before doing fastest searching. By doing
strongest searching first, the DSP gains knowledge of the
strongest signals in the spectrum and can calculate their true
powers. This allows fastest candidates to be screened out as
false targets if they are at a speed which is an integer
multiple of the speed of a strong signal which has a true
power above the harmonic generation threshold. It also
allows fastest candidates to be screened out as false targets
if they are at a speed which is either a sum or difference of
the speeds of two strong signals which are above the
intermodulation product strength thresholds. Screening of
fastest candidates (called “qualification” in the flowcharts
herein) to eliminate candidates that have inadequate signal-
to-noise ratios, that might be corrupted or an anomaly
caused by a very strong signal nearby, that might be a result
of noise generated by RFI or a mobile data terminal, that
may be a harmonic of the strongest signal displayed or a
harmonic of the patrol speed, or that might be a harmonic or
intermodulation product of the five other strongest signals in
the spectrum is known and is described in detail in U.S. Pat.
No. 5,691,724, which is incorporated herein by reference.

[0055] Front panel switches 61 and displays 60 are
coupled to the DSP by any form of suitable data path. The
embodiments shown in FIGS. 1, 3 and 4 are all intended to
symbolize radars where the antenna or antennas and the DSP
are all in the same enclosure as well as embodiments
wherein the antenna or antennas are in separate housing or
housing mounted somewhere on the patrol car facing in the
desired direction along with all the circuitry except the DSP
and the DSP is in a separate housing in the cab of the patrol
car and coupled to the antennas by any form of data path
including serial format cable, parallel format cable, infrared
or radio link.

[0056] Referring to FIG. 4, there is shown the preferred
two antenna embodiment. Again like numbered blocks as
blocks in FIG. 1 or 3 have the same structure and function
in the combination. The main difference between the
embodiments of FIGS. 3 and 4 is that the embodiment of
FIG. 4 has two antennas and two sets of analog circuits and
a multiplexer 80 coupled to select between the two antennas.
There is full duplication of all the analog circuitry associated
with each antenna in that antenna’s housing to transmit,
receive, generate a local oscillator signal, quadrature shift
and mix, amplify, gain control and digitize the audio range
doppler signals. The multiplexer 80 has a switch control
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input 82 which may be an electronic signal generated by the
DSP 54 on the basis of an antenna selection made by the
operator by manipulating a front panel or remote control
switch, or it may be an electrical signal generated by
manipulation of any switch or it may be a mechanical input.
The multiplexer selects between the A and B channel digital
inputs on lines 84 and 86 from the front antenna A/D
converters or the A and B channel inputs 88 and 90 from the
rear antenna A/D converters for application on data paths 92
and 94 to the DSP. The multiplexer also switches the digital
gain control word on line 96 through to the gain control
inputs (line 70A or line 70B) of the gain control amplifiers
of the front or rear antenna depending upon which antenna
is selected.

[0057] In alternative embodiments, the multiplexer 80
could also be an analog multiplexer placed on the inputs of
the A/D converters 48 and 50 thereby eliminating two A/D
converters. The digital multiplexer 80 as shown in FIG. 4 is
the preferred embodiment where the two antennas are
located on the front and rear of the patrol car with the A/D
converters in their housings with digital data transmission
from the antennas to the DSP (to eliminate RFI pickup on
long analog signal lines from the antennas to the DSP). In
embodiments where RFI is not a problem or the two
antennas are located close enough to share a single pair of
A/D converters, the analog multiplexer at the A/D inputs is
preferred because of its lower cost.

[0058] Referring to FIG. 5, there is shown a flowchart for
a simple one mode stationary, strongest only, one direction
target only process which is implemented by the DSP in any
of the classes of embodiments represented by FIGS. 1, 3 and
4. The process starts with step 100 wherein the DSP acquires
a buffer full of data for each channel. The buffer is divided
into two halves to keep the data from the different channels
separate or it can be two completely separate buffers. In step
102, a Hamming window or other DFT window is applied to
both channels of data to minimize end effects in each
channel.

[0059] In step 104, a complex FFT is done using the
sample points from one of the buffers as the real magnitude
and the paired sample point from the other buffer as the
imaginary magnitude for every complex input vector to the
complex number FFT process. The complex FFT results in
two output spectra of Fourier components, one for receding
targets and the other for approaching targets. Step 104 also
represents the optional process of finding and storing the
true power and frequency of the patrol speed and a prede-
termined number of the strongest signals in each spectrum.
This requires use of a hardware platform where the gain can
be controlled by the DSP for every buffer full of samples so
the true power of each target can be determined from its
relative power and the gain level that existed at the time the
samples were taken from which that target emerged. By
knowing the frequency of the patrol speed and the strongest
signals in the spectrum, it is possible to do a much more
effective and thorough screening of fastest candidates to
eliminate false fastest targets that are caused by harmonics
or intermodulation sum products. By knowing the true
power, it is possible to retain legitimate targets that happen
to be at harmonic or intermodulation product frequencies if
the underlying strong signals are not strong enough to have
created harmonics or intermodulation products thereby pre-
venting the radar from being blinded at these frequencies.
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[0060] Step 106 represents a search for the strongest target
in one of the spectra, the particular spectra picked being a
function of whether the radar is set up to search only for
approaching targets or only for receding targets. The spec-
trum picked can be based upon any preselected criteria such
as a permanent configuration set by DIP switches on the
circuit board or hardwired in the circuitry or software or
based upon configuration data established at start up or at the
factory or based upon the position of a switch manipulated
in real time by the user to select a search for only the
strongest approaching target or only the strongest receding
target. The speed of the strongest target is then displayed
and, optionally, a visible or audible (or both) indication of
the direction of target travel is also given.

[0061] FIG. 6 is a flowchart of another single mode
process implemented by the DSP of any of the physical
circuits described herein to search in stationary mode for the
strongest target regardless of whether it is travelling away
from the radar or approaching the radar and giving an
indication with the target speed display which direction the
target is travelling. Steps 100 through 104 are the same as
described in FIG. 5. Step 108 represents the process of
searching both the receding target spectra and the approach-
ing target spectra for the strongest target and displaying the
speed of the strongest target along with either a visible or
audible (or both) indication of which direction the target is
travelling relative to the radar to help the officer in making
his or her manual target identification and estimate of speed.

[0062] FIG. 7 is a flowchart of another single mode
process implemented by the DSP in some embodiments for
any of the hardware configurations disclosed herein to
search in stationary mode for the fastest target travelling in
a single selected direction. Steps 100 through 104 are as
previously described. Step 110 represents the process of
searching the appropriate approaching or receding target
spectrum for the fastest target where the spectrum searched
is selected based upon preselected criteria such as a DIP
switch or hardwired choice in the hardware or software as to
which spectra to search or upon configuration data in a file
read by the DSP startup which configuration data is set by
the user or by the factory or upon a switch manipulation in
real time by the user. The fastest target found is then
converted to speed and the speed is displayed along with a
visible or audible (or both) indication of the direction of
travel of the target.

[0063] FIG. 8 is a flowchart of another single mode
process implemented by the DSP in some embodiments for
any of the hardware configurations disclosed herein to
search in stationary mode for the fastest target travelling in
either direction. Steps 100 through 104 are the same as
previously described. Step 114 represents the process of
searching in both the receding and approaching target spec-
tra for the speed of the fastest target and displaying the speed
of the fastest target along with an optional visible or audible
(or both) indication of the direction of target travel for the
displayed target.

[0064] FIG. 9 is a flowchart of another single mode
process implemented by the DSP in some embodiments for
any of the ware configurations disclosed herein to search in
moving mode for the fastest target travelling in a single
selected direction, that direction being in the opposite lane
and approaching if the antenna points forward or receding if
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the antenna points to the rear of the patrol car. Steps 100
through 104 are as previously described. Step 116 represents
the process of determining the speed of the patrol car either
by means of a link to the speedometer or by acquiring and
tracking the patrol car speed from returns from stationary
objects as is well known he prior art. The Eagle series radars
do this by searching for a strong asymmetric return charac-
teristic of the patrol car. The Stalker Dual and Stalker series
radars look foe strongest return in the spectrum which has an
predetermined minimum signal-to-noise looking on the high
frequency side of the peak only, and during tracking the
patrol car speed does not have to be the strongest signal in
the spectrum anymore but the predetermined minimum
signal-to-noise ratio is still required. One difference from the
prior digital FFT radars however is that the patrol car speed
is determined by searching for the patrol car signature return
in only the approaching target spectrum. This has the inher-
ent advantage of eliminating a source of error in prior art
patrol speed acquisition processes as follows. When a patrol
car comes up to a stop sign with a car in front of the patrol
car, the prior art patrol speed acquisition processes would
frequently lock onto the speed of the car in front as it pulled
away from the stop sign as the patrol car ground speed. This
error is automatically eliminated by searching for patrol
speed in only the approaching spectrum.

[0065] Step 116 also represents the process of optionally
finding the strongest target speed in the appropriate spec-
trum where the appropriate spectrum is the approaching
spectrum if the antenna point forward and the receding
spectrum if the antenna points toward the rear. Regardless of
whether the species represented by FIG. 9 does or does not
simultaneously display the strongest target speed with the
display of the fastest target, the strongest speed is optionally
determined in species in which the fastest target speed is
defined to be the fastest target which is faster than the
strongest target speed. In other species represented by FIG.
9, the fastest target speed may be restricted to be faster than
the strongest target speed such that when there is one car on
the road, that car’s speed will be displayed as the fastest
target. In species where fastest must be faster than the
strongest, the one car will be the strongest and there will be
no display of a fastest target.

[0066] Step 118 represents the process of searching in only
the appropriate half of the spectrum for the speed of the
fastest target which has a relative speed (closing speed=
relative speed=target speed+patrol speed) which is higher
than the patrol speed and is also higher than the speed of the
strongest target in the preferred embodiment. In an alterna-
tive embodiment, the limitation that the fastest target speed
must also be faster than the strongest target speed is removed
and the search criteria includes at least only that the relative
speed is faster than the patrol car speed. The appropriate half
spectrum is the approaching spectrum if the antenna points
toward the front and receding targets if the antenna points
toward the rear of the car. The limitation that the relative
speed must be higher than the patrol car speed eliminates
same lane targets automatically since they all have relative
speeds which are lower than the patrol car speed.

[0067] Step 120 represents the process of subtracting the
patrol speed from the selected fastest target relative speed
and displaying the result as the fastest target speed, and
simultaneously displaying the strongest target speed in the
preferred embodiment. In alternative embodiments, the
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strongest target speed can be omitted or the strongest search
omitted altogether, the only search being for the fastest
opposite lane target. Optionally, the patrol speed is also
displayed to allow the user to verify the patrol speed is
correct.

[0068] FIG. 10 is a flowchart of another single mode
process implemented by the DSP in some embodiments for
any of the hardware configurations disclosed herein to
search in moving mode for the strongest target travelling in
a single selected direction, that direction being in the oppo-
site lane and approaching if the antenna points forward or
receding if the antenna points to the rear of the patrol car.
Steps 100 through 116 are as previously described.

[0069] Step 122 represents the process of searching only
in the appropriate half spectrum for the speed of the stron-
gest target which has a relative speed which is higher than
the patrol speed. This limitation that all candidates have a
higher relative speed than the patrol car automatically elimi-
nates all same lane targets. The appropriate spectrum is the
approaching target spectrum if the antenna points toward the
front of the car and the receding half spectrum if the antenna
points to the rear of the car. Step 124 represents the process
of subtracting the patrol speed from the strongest target
relative speed and displaying the speed of the strongest
target and optionally displaying the speed of the patrol car.

[0070] FIG. 11 is a flowchart of another single mode
process implemented by the DSP in some embodiments for
any of the hardware configurations disclosed herein to
search in moving mode for the fastest target travelling in a
single selected direction, that direction being the same lane
as the patrol car is in. Both spectra are searched regardless
of which direction the antenna points, but the fastest target
is at least limited to having a relative speed slower than the
patrol car. Steps 100 through 116 are as previously
described.

[0071] Step 126 represents the process of searching both
the receding and approaching half spectra for the speed of
the strongest target having a relative speed less than that of
the patrol car thereby automatically eliminating any opposite
lane targets all of which have doppler relative speeds faster
than the patrol speed.

[0072] Step 128 represents the process of searching both
the receding and approaching half spectra for the speed of
the fastest target having a relative speed less than that of the
patrol car but, in the preferred embodiment, which is also
faster than the relative speed of the strongest target. These
search criteria automatically eliminate any opposite lane
targets all of which have doppler relative speeds faster than
the patrol speed. In alternative embodiments, the limitation
that the fastest target must be faster than the strongest target
is eliminated as is the entire strongest target search.

[0073] Step 130 represents the process of automatically
determining whether to add or subtract the fastest target
relative speed from the patrol speed based upon whether the
fastest target was found in the approaching target spectrum
or the receding target spectrum. The appropriate calculation
is then performed and the fastest target speed is then
displayed. In the preferred embodiment, the strongest target
speed is simultaneously displayed, but in alternative
embodiments, the strongest target speed display may be
eliminated or the entire strongest search may be eliminated
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and only a fastest target search performed. Optionally, the
patrol speed is also displayed to allow the officer to verify
that it is correct.

[0074] FIG. 12 is a flowchart which represents the process
carried out by the DSP of any of the hardware embodiments
disclosed herein to implement a single mode radar, that
mode being moving, same lane, strongest search with an
antenna pointing toward the front of the patrol car. Steps 100
through 116 are the same as previously described. Step 132
represents the process of looking in both halves of the
spectrum for the speed of the strongest target having a
relative speed less than the patrol car speed thereby auto-
matically eliminating any opposite lane targets. Step 134
represents the process of automatically determining whether
to add or subtract the strongest target relative speed to or
from the patrol speed based upon whether the strongest
target speed was found in the approaching target half or the
receding target half spectrum. Once that is determined, the
strongest target speed is calculated and displayed, and,
optionally, the patrol speed is also displayed.

[0075] FIGS. 13A through 13M, together comprise a
flowchart of a preferred form of two-antenna, digital, com-
plex-FFT, direction-sensing, multimode radar capable of
performing all of the searches described in FIGS. 5 through
12 with operator selection of the searches to be performed
and the antenna to be used. The class of embodiments
represented by FIG. 13A through 13M are “and” configu-
ration radars in that when fastest searches are performed, a
strongest search is always performed first and the fastest
target must be faster than the strongest target and the
strongest and fastest target speeds are simultaneously dis-
played. Steps 100 through 104 are the same as previously
described to gather two buffers of data from channels A and
B, apply a Hamming or other DFT window on each buffer
to minimize edge effects and do a complex FFT to generate
approaching and receding target Fourier spectra.

[0076] Step 140 represents the branching which occurs
when the operator chooses either stationary or moving mode
using the front panel switches or the remote control. If
stationary mode is selected, test 142 is performed to deter-
mine if the operator has selected approaching targets only or
receding targets only. If approaching targets only is selected,
the process of block 144 is performed to sort the targets in
the approaching target spectrum into descending order of
apparent power.

[0077] Step 144 represents the start of the stationary
mode, approaching targets only, strongest target search.
When the end of this search is reached the radar will then
either also perform a fastest search or not according to
operator selection. After step 144, step 146 on FIG. 13D is
performed. Step 146 represents the search through the sorted
approaching target spectrum (or a copy thereof which has
been sorted by power) to find the strongest target candidate
not previously processed (by qualifications routines to be
described below). In alternative embodiments, the approach-
ing target spectrum is not sorted at all, and the search is
performed by simply looking at the apparent power of each
target and not selecting it if another target previously exam-
ined has a stronger apparent power and continuing this
process until every target has been examined. Then this
candidate is passed through the qualification procedure, and,
if rejected, the process is repeated for the next strongest
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candidate. In the preferred embodiment, the entire approach-
ing target spectrum is divided into seven sectors and the
strongest target is selected from each sector and put into a
table of seven strongest candidates. After the table is filled,
the table is sorted by descending order of power and the
strongest candidate is selected for qualification processing.

[0078] The qualification process starts at block 148 where
the current strongest candidate is qualified by any known
procedures to eliminate it from consideration if it appears to
be a false target. The qualification tests can be any combi-
nation of the known qualification procedures used in the
Stalker Dual, Stalker and Eagle series of radars. The mini-
mum qualification test is a signal-to-noise acceptance test
but other qualification tests to eliminate the candidate if it
appears to be a harmenic, intermodulation product, product
of RFI or mobile data terminal operation etc. may also be
used.

[0079] After doing whatever qualification tests are used,
an optional bleed through qualification test represented by
block 150 may be performed. The bleed through qualifica-
tion test eliminates the current approaching target candidate
if examination of its paired counterpart in the receding target
spectrum indicates the approaching target spectrum is prob-
ably the result of bleed through of a strong receding target.
The approaching target candidate is rejected if it is not more
than 6 dB typically stronger than its counterpart in the
receding spectrum. Because of imperfections in the hard-
ware, every Fourier candidate in the approaching spectrum
has paired counterpart at the same frequency in the receding
spectrum. A strong signal in one spectrum usually has a
weaker counterpart false signal in the other spectrum at the
same frequency caused by these imperfections. Some har-
monics, typically harmonics caused by substantial overload-
ing of the mixer or preamp circuits, have very little direc-
tionality and have substantially equal amplitude in both
spectra. These harmonics will be eliminated by the process
of block 150 as will any harmonic where there is less than
6 dB directionality.

[0080] Test 152 is a branching condition to vector pro-
cessing to step 154 if the strongest approaching target did
qualify and vector processing to step 156 if the candidate did
not qualify. Step 156 is a test to determine if all strongest
approaching target candidates have been processed. If so,
processing returns to the start step 99 on FIG. 13A. If not,
processing vectors back to step 146 to pick the next strongest
approaching target candidate.

[0081] Step 154 represents displaying the speed of the
strongest approaching target candidate.

[0082] Tabel 156 represents the start of stationary,
approaching target only, fastest target searching. Step 157
represents a test to determine whether the operator has
selected a fastest search in addition to the strongest search.
If so, processing proceeds to step 158. If no fastest search is
desired, processing returns to Start at step 99, as symbolized
by block 159.

[0083] Step 158 represents an optional step of re-sorting
the approaching target spectrum (or a copy thereof) into
order of descending frequency. The sort is not necessary if
the approaching target spectrum was not sorted earlier by
descending power or if a copy of it was made and the copy
was sorted because the natural order of the spectra output by
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the complex FFT is in descending order of frequency. Also,
this sort step is not required in alternative embodiments
where a simple search looking at every candidate in the
approaching target spectrum is done with a running tab of
the highest frequency candidate found so far until all can-
didates are examined. The sort is preferred (or use of a
linked list of pointers to the candidates with the pointers
pointing to the candidates in descending speed order)
because then processing can be more easily performed to
stop looking for the fastest candidate in top down search
order when the speed of the displayed strongest target is
reached. The preferred form of processing for step 158 is to
set up a do loop to process the candidates in a sorted array
or process the candidates pointed to by the pointers in a
linked list (other than the pointers to the next link that are
required for every linked list) with the limits of the do loop
set so as to stop examining fastest candidates when the speed
of the displayed strongest target is reached.

[0084] Step 160 represents the process of picking the
fastest target candidate that has not been previously pro-
cessed. In the case of the first pass through the loop and a
sorted spectrum or sorted array of candidates, this will be the
first fastest target candidate in the spectrum or array. On the
second pass through, the selected candidate will be the
second entry in the spectrum or sorted array. In the case of
a linked list, the target pointed by the first link on the list will
be selected on the first pass through, and the target pointed
to by the second link on the list will be selected on the
second pass through. Block 162 represents the optional
qualification tests performed on the fastest target candidate
to eliminate it from display if it appears to be a false target.
In the preferred embodiment, at least a minimum signal-to-
noise ratio for the candidate is required and then one or more
other known qualification criteria may be also optionally be
applied. Any known qualification tests on the fastest candi-
date may be applied, and exhaustive discussion of the fastest
target qualification tests used in the Stalker Dual radars in
U.S. Pat. No. 5,691,724 is hereby incorporated by reference
and represents a preferred species. Many apparent fastest
targets are false targets caused by harmonics of the patrol
speed or one of the other strong signals in the spectrum or
are the sums of any two strong signals in the spectrum called
an intermodulation product. Screening to eliminate these
false fastest targets represented by optional step 162 is
preferred.

[0085] Step 164 represents an optional bleed through
qualification test. This test is identical to the optional bleed
through test performed on the strongest candidates and has
the same rationale. If this test is performed, the fastest
approaching target candidate will be rejected if its relative
power is not at least some predetermined number of dB such
as 6 dB greater than its counterpart in the receding spectrum.
Test 166 is performed next to determine if the fastest
candidate qualified, i.e., passed whatever qualification tests
were imposed in the preceding steps. If the current fastest
approaching target qualified, processing proceeds to step
170 of FIG. 13L to display the speed of the fastest approach-
ing target candidate along with an optional visual or audible
(or both) of target direction. Also, optionally, the speed of
the strongest approaching target is simultaneously dis-
played. Processing then returns to Start block 99 on FIG.
13A.
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[0086] 1If the current fastest target did not pass one of the
qualification tests, the test of step 168 is performed to
determine if any more fastest approaching target candidates
are available. If not processing returns to Start block 99. If
more fastest approaching candidates are available, process-
ing returns to step 160 to pick the next fastest candidate not
already processed and whatever qualification tests are in use
are repeated on the new candidate. Eventually, a fastest
target candidate will be found and displayed or all candi-
dates will be exhausted and no fastest target display will be

put up.

[0087] Returning to the consideration of step 142 on FIG.
13A, if the operator selected receding targets only in sta-
tionary mode, the strongest and, if selected, fastest process-
ing just described is done on the receding target spectrum.
The start of the strongest receding target search is repre-
sented by block 172 on FIG. 13D where targets in the
receding target spectrum are optionally sorted (or a copy of
the receding target array) is sorted in descending order of
apparent power. The alternative methods other than sorting
mentioned for step 144 on FIG. 13A are equally applicable
to step 172.

[0088] Step 174 picks the strongest apparent power can-
didate in the receding spectrum in any one of the different
ways mentioned in connection with the discussion of step
146.

[0089] The selected strongest receding target candidate is
then qualified in step 176 by signal-to-noise ratio and any
number (including zero) of other known qualification tests
such as harmonic or intermodulation product screening such
as are used in the Stalker, Stalker Dual or Eagle series radars
to insure the strongest candidate is not a false target., Step
178 on FIG. 13G represents the optional bleed through
qualification test which is identical to the test described in
step 150 on FIG. 13G except it is performed on receding
target candidates and the power of the approaching target
spectrum paired entry of every receding target candidate is
checked against the power of the receding target candidate.

[0090] Next, test 180 determines if the strongest receding
target qualified. If so, step 194 calculates and displays the
speed of the strongest receding target which qualified. If not,
test 182 determines if all strongest receding target candi-
dates have been exhausted. If so, processing returns to Start.
If not, processing returns to step 174 on FIG. 13D to pick
the next strongest candidate not already processed and start
the qualification process.

[0091] TLabel 186 represents the start of stationary, reced-
ing target only fastest processing. Test 188 on FIG. 13]
determines if the user desires a fastest scarch. If not,
processing returns to Start. If so, block 190 is performed to
optionally re-sort the receding target spectrum in descending
order of speed stopping at the speed of the strongest dis-
played receding target thereby eliminating from consider-
ation any receding targets slower than the strongest receding
target. The optional forms of processing mentioned in con-
nection with the discussion of block 158 on FIG. 13G are
equally applicable for block 190. In the preferred embodi-
ment, the receding spectra is not sorted in step 172 by
descending order of power so at step 190, there is no need
for a sort since the natural order of both spectra output from
the complex FFT is by descending frequency bin. Instead, in
the preferred embodiment, an array of strongest candidates
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is generated by selecting the strongest candidate in each of
7 segments of the receding target spectrum. This array is
then sorted by descending power and the candidates selected
for qualification tests are selected from the array.

[0092] This same sort of processing can be performed in
steps 190 on FIGS. 13) and 158 on FIG. 13G as an
alternative to resorting the entire array. That is, the receding
array can be dividing into a number of segments starting at
the fastest target and going down to the speed of the
strongest target the fastest target in each of these segments
that meets some minimal acceptance criteria can be put in an
array which will be naturally ordered by descending fre-
quency, i.e., speed. Alternatively, the array can be generated
by screening all candidates in the receding target spectra
using some minimum qualification criteria such as minimum
signal to noise ratio starting from the highest speed. Each
candidate that passes the test goes into the array until the
array is full. Then the fastest search is performed out of the
array. This latter approach is the preferred approach so as to
avoid the time of sorting an entire array or screening every
candidate in the array from the fastest down to the speed of
the strongest receding target.

[0093] Next, in block 192, the fastest target in the receding
array is selected in any of the ways described above in
connection with the discussion of block 160 on FIG. 13].

[0094] Next, in block 194, the fastest candidate is qualified
using at least a minimum required signal-to-noise ratio and,
optionally, one or more other known qualification tests such
as were used in the Stalker Dual to qualify a fastest candi-
date and which are described in U.S. Pat. No. 5,691,724.
Comments about block 162 are equally applicable to block
194.

[0095] Next, an optional bleed through test of block 196 is
performed. This test is identical to the test of block 164 on
FIG. 13] except that the elimination of the fastest receding
target candidate occurs if its power is not more than a
predetermined amount, typically 6 dB, greater the apparent
or relative power of its paired counterpart in the approaching
target spectrum. Again, some harmonics with insufficient
directionality are eliminated.

[0096] The optional bleed through tests represented by
blocks 150, 178, 196 and 164 all have the advantage of
automatically eliminating some false targets with insuffi-
cient directionality (less than 6 dB difference between
spectra) and eliminating some harmonics since some har-
monics have no directionality. Specifically, harmonics
caused by signals that are just starting to overload still have
some directionality. Harmonics caused by signals that are
substantially distorted by significant overloading of the radar
mixer or preamplifier circuits have much less directionality.
Because some harmonics have little or no direction, their
components in the approaching and receding spectra will
have substantially equal power thereby eliminating any such
harmonic from qualification as a valid target.

[0097] Test 198 determines if the fastest receding target
candidate currently being processed passed whatever quali-
fication tests are being performed. If so, block 202 repre-
sents the process of calculating and displaying the speed of
the fastest candidate, and, optionally, giving a visual or
audible (or both) indication of the target direction, and,
optionally, also displaying the strongest receding target
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speed simultaneously. If the current fastest target candidate
did not qualify, test 200 is performed to determine if all
candidates have been exhausted. In the preferred fastest
search this will be an examination of whether the fastest
candidate that just failed, was the last fastest candidate in the
top down search having a speed just above the speed of the
strongest receding target previously located. In embodi-
ments where a table of fastest candidates is created, the table
will not include any fastest candidate having a speed slower
than the speed of the strongest candidate. In these embodi-
ments, test 200 is simply an examination of whether the last
candidate in the table has been processed. If there are no
more candidates, processing returns to Start without display-
ing any fastest candidate and the process starts over with
new data. If there are more fastest receding candidates,
processing returns to step 192 on FIG. 13] to pick the next
candidate and start the qualification process on it. Eventually
either a fastest candidate will be found or the process will
exhaust all candidates and start over with new data and
repeat the strongest search and repeat the fastest search if the
operator switch positions indicate a fastest search is still
desired.

[0098] Returning to the consideration of step 140 on FIG.
13A, if the operator selected moving mode, test 210 on FIG.
13B determines whether the front or rear antenna has been
selected and vectors processing accordingly. If the front
antenna has been selected, block 212 starts patrol speed
processing to acquire or track the patrol car speed from
stationary returns in the approaching half spectrum only. If
the rear antenna is selected, block 214 starts patrol speed
processing out of the receding target spectrum only. By
using stationary returns from only one spectrum, the prob-
lem of false acquisition of patrol speed when a patrol car
pulls up to a stop sign or light behind another car using the
front antenna and falsely acquires that car’s speed as patrol
speed when the other car pulls away from the stop.

[0099] In species within this multimode genus which use
a “hardwired” link to the speedometer via transducer 59, the
processing of blocks 212 and 214 and the blocks described
below pertaining to patrol speed processing of stationary
target returns are replaced with a process to read the trans-
ducer and calculate the patrol speed from data acquired from
it.

[0100] Test 216 determines whether patrol speed has
already been acquired, and if not, vectors processing to
block 218 where the selected spectrum is searched in any
known way for a new patrol car groundspeed return. This
search can be a search for the strongest signal which has a
characteristic asymmetry as is done in the Eagle series of
radars or it can be a search for the strongest return that has
an acceptable signal-to-noise ratio on the higher frequency
side only as done in the Stalker radars. If patrol speed was
previously acquired, test 224 is performed to determine if it
is a true patrol speed return by, for example, determining if
it has adequate magnitude and adequate signal-to-noise ratio
or by any other known way of qualifying a return as a true
patrol speed. In the Stalker radars, the patrol speed candidate
is also tested to see if it is the same patrol speed acquired
during the last loop for a certain time window. If patrol speed
is changing, this will eventually cause a failure of the patrol
speed previous acquired to match a new patrol speed can-
didate the selection of which is symbolized by a step 214 or
212. If the previously acquired patrol speed fails to remain
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qualified, block 228 transfer control back to Start and sets a
flag that there is no previously acquired patrol speed thereby
causing the radar to reacquire a fresh patrol speed.

[0101] If test 224 determines that the previously acquired
patrol speed is still qualified, processing is vectored to test
226 to determine if the operator has selected same lane or
opposite lane processing.

[0102] After a new patrol speed candidate has been
selected by block 218, test 220 determines whether it
qualifies under any known tests for qualifying a patrol speed
candidate. If the candidate does not qualify, processing
returns to Start. If the candidate does qualify, test 226 is
performed.

[0103] If the operator has selected opposite lane, optional
step 230 may be performed to pass each of the two buffers
of data through a digital high pass filter to remove the patrol
speed spectral line therefrom. The filtered data resulting
from the digital filtering operations on the two original
buffers is stored in two new filtered data buffers. Also,
targets slower than patrol speed will also be removed by this
process. If the high pass filter step is performed, another
complex FFT is performed on the filtered data buffers.

[0104] Either way, test 232 is then performed to determine
if the front antenna or rear antenna has been selected. Block
234 is performed if the front antenna has been selected to
search the approaching target spectrum for the strongest
target having a relative speed above the patrol speed. All
targets in the opposite lane will have a relative speed above
the patrol speed regardless of their actual speed. The search
for the strongest of 234 can take any known form. For
example, the approaching target spectrum (or a copy
thereof) can be sorted by descending order of strength and
the strongest target not previously processed picked for
qualification. Also, the selected spectrum may be divided
into segments, and each segment can be searched for its
strongest candidate and the results placed in a sorted table.
Or, preferably, the entire spectrum can be searched in a form
of bubble sort to find the strongest and then the next
strongest and then the next strongest until a desired number
of candidates is found. Those candidates can be put in a
sorted table, and picked one at a time for the qualification
process.

[0105] The process of looping to the next strongest can-
didate in case the current candidate does not qualify and
attempting to qualify the next strongest candidate is not
shown, but may be performed in alternative embodiments.

[0106] Next, optional qualification test resented by block
238 are performed. As in the case for stationary mode, it is
preferred to employ at least a minimum acceptable signal-
to-noise ratio qualification test to avoid processing weak,
noisy signals. In the preferred embodiment, a battery of
qualification tests known from the Stalker and Stalker Dual
radars is performed on the strongest moving mode opposite
lane candidate to insure it is a valid target such as multiple
bounce screens, harmonics of other strong signals, spectrum
operator sensity selection screening, intermodulation prod-
ucts and tests to insure that there is no local noise peak that
is too close to insure an accurate reading. In alternative
embodiments any number (including zero) of known quali-
fication tests may be employed.

[0107] In the embodiment shown, if the strongest candi-
date did not qualify, processing returns to start without
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displaying a strongest target speed. In alternative embodi-
ments, a new, next strongest candidate can be picked and
subjected to the qualification tests of block 238 and this
process can be repeated until a candidate is found which
either qualifies or all candidates have been exhausted, in
which case processing returns to Start.

[0108] If the strongest candidate qualifies, step 240 is
performed to calculate its speed by taking the candidate’s
relative speed and subtracting from it the patrol speed. The
result is displayed with an optional visible or audible
reminder that it is opposite lane.

[0109] Step 242 represents the start of opposite lane fastest
search processing. Test 244 determines whether the operator
desires a fastest target search. If he or she does not, pro-
cessing returns to Start. If a fastest search is requested, test
246 determines whether the operator has selected the front
or rear antenna. The process of block 248 is optionally
performed if the front antenna has been selected to resort the
approaching target spectrum in descending order of speed
but stopping at the speed of the strongest opposite lane target
currently being displayed. This is done because in this
particular species, the fastest target must be faster than the
strongest target being displayed. This re-sorting step is only
one way of starting a fastest search. If the two spectra output
by the complex FFT were not sorted by descending order of
strength in the strongest search and the moving mode
opposite lane strongest search was done in any of the other
ways described above, or if a copy of each spectra was made
and the copy was sorted, there is no need to re-sort the
spectra in steps 248 and 250 since their natural order when
output by the DSP after the complex FFT is sorted by
descending order of frequency. Step 250 is optionally per-
formed to re-sort the receding target spectrum into descend-
ing order of frequency under the above defined conditions if
the rear antenna was selected. Steps 248 can also represent
the process of building a table of fastest candidates by
searching the appropriate approaching or receding spectrum
to find the fastest candidate, then the next fastest and the next
fastest and so on until the table is filled. A table filled in this
manner will be naturally sorted by descending order of
speed.

[0110] The preferred embodiment of implementing steps
248 and 250 are to fill an approaching target table with 7
fastest candidates and to fill a receding target table with 7
fastest candidates in the following manner. First, the value of
a rolling noise floor calculated as the average apparent
power of the signals in the top 64 bins is calculated and
stored as BLOCKNOISESUM. Second, a test performed to
determine if a valid strongest target has been found. If not,
processing returns to Start without ever searching for fastest
candidates or qualifying one. If a valid strongest target has
been found, then processing proceeds to set up a do loop that
has the number of cycles from the top frequency bin to the
bin of the strongest signal current being displayed. The
iteration count is then set to zero and a pointer is set to the
location of the top frequency bin and the apparent or relative
power of the signal in the top frequency bin is read from the
appropriate approaching or receding spectrum (only one
spectrum is used and which one is used depends upon the
antenna selection). The candidate is then screened to deter-
mine if its apparent power is down by more than some
selected number of dB from the strongest signal’s relative
power as an initial acceptance criteria. If it is, the candidate
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is rejected, the pointer is incremented, and the apparent
power of the next candidate is retrieved and subjected to the
initial acceptance criteria. If not, then the bin number of the
candidate is stored in the highest speed position in the table
and a signal strength field is filled in with the apparent power
of the candidate plus the apparent power in the bins on either
side of it. The local noise floor BLOCKNOISESUM is
stored in another field, in the table associated with this
candidate, and the rolling noise floor calculation is repeated
by removing from the 64 bin sum the apparent power in the
top bin and adding the apparent power from the bin just
below the top 64 bins. The rolling noise floor is recalculated
each time the pointer is incremented by subtracting the top
bin and adding one more bin just below the bottom of the 64
bins. Then the next bin down has its apparent power
retrieved and selected to the initial qualification test. When
7 candidates have been found in this way, each candidate is
subjected to a local noise maximum test and noise-to-signal
calculation against any local noise peak and a maximum
noise-to-signal ratio test using the candidate’s BLOC-
KNOISESUM value. The N/S ratios calculated are stored in
the table. These two tests are de ed in the Stalker Dual
patent, U.S. Pat. No. 5,691,724. All the fastest searches in all
the mode described herein can work in this manner in some
embodiments to develop fastest candidates.

[0111] After step 248, step 252 pick a fastest target can-
didate either from the sorted approaching target spectrum or
from a table of fastest candidates built in any known manner.
Block 254 optionally qualifies the fastest candidate in any
known manner using any number (including zero) of known
qualification tests such as the ones described in the Stalker
Dual patent or some subset thereof. False fastest targets
frequently, occur as a result of second or third harmonics of
the patrol speed or other strong signals in the spectrum or
intermodulation products in the form of the sum of strong
signals in the spectrum. It is preferred to screen each fastest
candidate at least for false targets caused by intermodulation
products. Harmonic screening is not actually necessary if a
bleed through qualification test (discussed next) is used,
because of the fact that only one spectrum is being searched
and all harmonics will fail the bleed through test since they
have no directionality.

[0112] Next an optional bleed through test is performed
that is identical to the bleed through tests described for
stationary fastest searches, as represented by block 256. Test
258 determines if the fastest candidate qualified. If not, test
260 determines if there are more fastest candidates, and
vectors processing back to step 252 if there are. If there are
no more candidates, return to Start. If the fastest candidate
qualified, block 262 displays its speed, and optionally dis-
plays the strongest target speed and/or the patrol speed
simultaneously. Optionally, a visible or audible (or both)
indication of the target direction may also be given to remind
the officer which mode he is in. Then processing returns to
Start.

[0113] Returning to consideration of step 246, if the rear
antenna is selected processing of the fastest mode is iden-
tical to the fastest processing just described except that the
target candidates are taken out of the receding target array.
Accordingly, steps 250, 264, 266, 268, 270,272 and 278 are
performed and their processing and various alternative
embodiments are the same as previously discussed with
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respect to their counterpart steps in the moving mode,
opposite lane, fastest search processing.

[0114] Returning to the consideration of step 226 on FIG.
13B, if the user selected same lane, processing vectors to
step 280 on FIG. 13C. Step 280 represents an optional low
pass digital filtering step to remove the patrol speed spectral
and spectral lines for fast moving targets having relative
speeds above the patrol speed. These targets having a
relative speed above patrol speed represent opposite lane
targets which the officer does not wish to consider to aid in
target identification in a multitarget environment. If a low
pass filtering step is performed, another complex FFT is
calculated on the filtered digital data.

[0115] Next, step 282 is performed to search both the
approaching and receding spectra for the speed of the
strongest target having a relative speed less than the speed
of the patrol car. The manner in which this strongest target
is located can be any known manner of doing a strongest
target search in a Fourier spectrum such as the methods
described earlier herein for either the stationary strongest or
moving, opposite lane strongest searches. For example, the
approaching and receding spectra, or copies thereof, can
both be sorted by decreasing order of apparent power
(relative signal magnitude), or they can be divided into
segments and the strongest target from each segment may be
selected and put in a table, or a table may be built by a
bubble sort or other “this is the strongest target I have found
so far” type search where some number of strongest candi-
dates are found by comparing the magnitude of each can-
didate to the highest magnitude candidate found so far and
replacing the “king of the hill” candidate with any stronger
one found and repeating this process until the 7 strongest
candidates have been found. These 7 candidates are then
stored in a table which is naturally sorted by decreasing
magnitude and the candidates are processed by the optional
qualification tests represented by 284. The table is built by
searching both spectra for the strongest signals but only
accepting signals with relative speeds greater than the patrol
speed to eliminate all opposite lane targets. The table also
includes a field for each candidate that indicates whether that
candidate came from the receding target spectrum or from
the approaching target spectrum. In some embodiments,
such as the embodiment depicted by blocks 282 and 284,
only the strongest target is picked and if it fails to qualify,
processing returns to Start without finding a strongest target.

[0116] In the preferred embodiment, step 282 represents a
process of building a table of strongest candidates in the
manner described in the paragraph next above with each
candidate subjected to an initial noise-to-signal screening
before it gets into the table. Test 284, in the preferred
embodiment represents a process of screening each candi-
date in the table, starting with the strongest, to any number
of known qualification tests until one is found that passes all
tests or until all candidates are exhausted. If all candidates
are exhausted without a qualifier, processing returns to Start
to collect new data.

[0117] Test 286 represents a test to determine if the
strongest target which qualified came from the approaching
target spectrum or the receding target spectrum. If it came
from the approaching target spectrum, test 288 is performed
to determine if the front antenna has been selected. If the
qualified strongest target came from the approaching spec-
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tra, and the front antenna is selected, the target speed
calculation of block 292 is by subtracting the target’s
relative speed from the patrol speed and displaying the
result. The calculation and display of block 292 is also
performed if the qualified strongest target came from the
receding spectrum and the rear antenna was selected.

[0118] If the qualified strongest target came from the
approaching target spectrum and the rear antenna was
selected, the calculation of block 294 is performed. Block
294 calculates the qualified strongest target’s speed as the
patrol speed plus the relative speed of the target and displays
the result. This same processing is performed if the qualified
strongest candidate came from the receding target spectrum
and the front antenna was selected.

[0119] The advantage of the direction sensing capability of
the radar in the same lane strongest and fastest modes is that
there is no need for the officer to make a judgment as to
whether the target he is tracking is going faster or slower
than the patrol car. In prior art radars, the officer had to make
this judgment and press a button so as to tell the DSP to add
or subtract the relative target speed to or from the patrol
speed. For targets which are far away, this is not always easy
and can result in erroneous target speed readouts.

[0120] TLabel 296 is the start of same lane fastest mode
processing. Test 298 determines whether the operator has
selected same lane, fastest mode. If not, processing returns
to Start. If so, the process of block 300 is performed. Block
300 represents a search of both the receding and approach-
ing target spectra for the fastest target having a relative speed
below the speed patrol and above the speed of the strongest
same lane target previously found. This search can be done
in any manner, but if both arrays are already ordered in
descending order of frequency or are sorted to have that
order (or copies thereof are sorted by decreasing frequency),
then the search is a top down search. A top down search is
preferred because it is easier to determine the number of
iterations of a do loop needed to look at all bins below the
patrol speed but above the strongest target speed. If the
spectra are not ordered by decreasing frequency, every bin in
the spectra must be searched and its frequency compared to
the frequencies of the strongest target and the patrol speed
and the frequency of the fastest target found so far. The only
way to know when the fastest target in the stated range is
found is to search every bin of both spectra. This can result
in more processing than is done if the spectra are sorted or
if a table of fastest candidates is built all of which are in the
stated speed range. In the preferred embodiment, block 300
represents a process of building a table of 7 fastest candi-
dates just like the preferred process described above in
connection with the discussion of block 282 of building a
table of strongest candidates except the criteria is frequency
and not magnitude. By limiting consideration of candidates
to candidates which have relative speeds below that of the
patrol speed, all opposite lane targets are automatically
eliminated because they all have relative speeds above the
patrol speed. The search of block 300 results in the selection
of a fastest candidate not previously selected and subjected
to qualification tests. Then the selected candidate is passed
to the qualification tests, if any. The search of block 300
represents two classes of embodiments. The first class is one
where multiple fastest candidates are selected for further
qualification one by one until one qualifies or all candidates
are exhausted. The second class of embodiments is charac-
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terized by selection of the single fastest candidate for
subjecting to qualification tests, and, if it does not qualify,
processing returns to Start to collect new data and start over.

[0121] Next, test 302 is performed representing the
optional qualification of the fastest candidate using any
number (including zero) of known fastest candidate quali-
fication tests.

[0122] Tt is preferred to have at least one qualification test
in the form a maximum noise-to-signal ratio, and any
number of the other qualification tests in any combination
described in the Stalker Dual patent may be used to try to
eliminate the fastest same lane candidate if it may be a false
target. The common qualification tests are to make sure the
candidate is not 2nd or 3rd harmonic of patrol speed or other
strong signals in the spectrum and is not an intermodulation
product.

[0123] If the fastest candidate does not qualify, processing
returns to Start in some embodiments or returns to step 300
to pick the next fastest candidate. If the fastest candidate
qualifies, step 304 is performed to determine if the target that
qualified came from the approaching or receding target
spectrum. If it came from the approaching spectrum and test
306 on FIG. 13i indicates the front antenna has been
selected, the target speed calculation and display of block
310 is performed. Block 310 represents the process of
calculating and displaying the fastest target speed as equal to
the patrol speed minus the qualified same lane fastest
target’s relative speed. The result can be displayed alone or,
optionally, simultaneously with one or both of the strongest
target speed and the patrol speed. This same process is
carried out if the qualified same lane fastest target came from
the receding spectrum and test 308 determines that the rear
antenna has been selected.

[0124] If the qualified same lane fastest target came from
the receding spectrum, and test 308 determines that the front
antenna has been selected, the processing of block 312 is
performed to calculate the fastest target’s speed and display
it. Block 312 calculates the fastest target speed by adding the
patrol speed to the relative speed of the qualified same lane
fastest target and displays it. Optionally, one or both of the
patrol speed and the speed of the strongest same lane target
previously located is simultaneously displayed. The process-
ing of block 312 is also performed if the qualified same lane
fastest target came from the approaching target spectrum and
test 306 determines that the rear antenna is selected.

[0125] In all modes when a fastest target is displayed it is
preferred to simultaneously display the patrol speed so the
officer can verify its correctness and the strongest target
speed to help the officer with his or her visual target
identification and tracking history.

[0126] Alternative Or Type Embodiment To Find Fastest
Only Or Strongest Only With Direction Sensing

[0127] Referring to FIGS. 14A through 14M, there is
shown a flowchart of an alternative process which may be
implemented by the digital signal processor in any of the
embodiments of FIGS. 1-4. This process provides a multi-
mode, direction-sensing, digital complex FFT police dop-
pler radar with operator selectability of the type of search
that is performed as between strongest target only or fastest
target only in any of the stationary, moving opposite lane or
moving same lane modes of operation.
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[0128] This process is similar to but also substantially
different in result and ease of use than the process of FIGS.
13A through 13M. Specifically, in the species within the
genus represented by FIGS. 13A through 13M where
simultaneous display of strongest and fastest targets is
implemented, when an officer selects a fastest search, he or
she also gets a strongest search which is performed before
the fastest search and which either results in successful
location of the strongest target or not. If no strongest target
is located on a particular pass, processing returns to start and
never reaches the fastest search. The fastest search is done
only when a successful strongest search has been previously
completed. The simultaneous display of the strongest and
fastest target speeds is a substantially different result because
it gives the officer a better set of information to corroborate
his visual tracking history of the targets he sees on the road.
Since no traffic ticket is valid without a visual tracking
history which includes agreement between the visual obser-
vations and the radar displays, having a display of strongest
and fastest helps the officer correctly identify which of the
multiple targets he is observing corresponds to the fastest
target display. This correlation is helped greatly by the fact
that in the simultaneous fastest and strongest display spe-
cies, when the fastest target gets close enough to the radar to
become the strongest target, its speed switches over to the
strongest display window. This helps the officer positively
identify the fastest target. Identification of the vehicle which
corresponds to the fastest target speed displayed when there
are multiple targets out about 0.5 to 1.5 miles all going
approximately the same speed is very difficult to do visually.
However, with a simultaneous fastest and strongest display
with the fastest target speed switching over to the strongest
target window when the fastest car becomes the strongest
target helps the officer identify the correct car.

[0129] This cannot be done in the subgenus of embodi-
ments represented by FIGS. 14A through 14M. In the
subgenus of processes represented by FIGS. 14A through
14M, all the blocks having reference numbers which are the
same as blocks in FIGS. 13A through 13M represent the
same processing steps and alternatives thereto. The differ-
ence is that in the subgenus of FIGS. 14A through 14M,
there is a operator selection process that allows the operator
to choose between strongest search only for a single stron-
gest target or fastest search alone for a single fastest target
and display of only the fastest target or only the strongest
target so found. Such an operator selection is provided in
each of the stationary, moving opposite lane and moving
same lane modes.

[0130] The first operator selection branching step is shown
at 141 on FIG. 14A for the stationary mode. This block
represents the DSP checking the position of a fastest selec-
tion switch on the front panel or a fastest/strongest flag
stored in memory which is set when the operator operates a
fastest switch on the front panel or a remote control indi-
cating a fastest search is desired. If the flag is not set or the
switch indicates that a strongest only search is desired,
processing is vectored to step 144 which represents the
beginning of a strongest search which is identical to the
various embodiments for a strongest search previously
described in FIGS. 13A through 13M. If the operator has
indicated that a fastest only search is desired, processing is
vectored to step 156 on FIG. 14G to start a fastest target
only search which is similar to the fastest search of FIGS.
13A through 13M except for two differences. First, there is
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a difference with respect to step 158 symbolizing the re-
sorting of the array by decreasing frequency down to the
speed of the strongest target or other embodiments previ-
ously described wherein the fastest search is described as a
top down search with a limit set at the speed of the
previously located strongest target fastest search. In the
fastest search of FIGS. 14A through 14M, there is no limit
set at the speed of the strongest target. Thus, the fastest target
can be the speed of the stronget target if there is only one
target on the road.

[0131] The second difference is in step 170 on FIG. 14L
which symbolizes the process of displaying the fastest target
only with no option of simultaneously displaying a strongest
target.

[0132] Step 141 on FIG. 14A represents the fastest only/
strongest only operator choice only for stationary mode,
approaching targets only. If the operator chose receding
targets only in step 142, the operator fastest/strongest choice
is represented by block 143. If a strongest only choice has
been made, processing is vectored to step 172 to start a
strongest search which is identical to the strongest search in
stationary receding targets only mode of FIGS. 13A
through 13M. If a fastest only search has been selected,
processing is vectored to step 186 on FIG. 14G to start a
fastest target only search which is similar to the fastest
search in stationary, receding target only mode described
with reference to FIGS. 13A through 13M except for two
differences. The differences are as previously described in
that the fastest search is not limited to candidates having
relative speeds above the strongest target speed (see step
190, FIG. 14]), and only the fastest target speed is displayed
(see step 202, FIG. 14L).

[0133] In moving mode, if the operator chose opposite
lane operation in step 226, the DSP reads the operator choice
of fastest only or strongest only in step 227. If the operator
chose strongest only, processing is vectored to the start of a
strongest only, moving, opposite lane search which is iden-
tical to the strongest only, moving, opposite lane search
described in FIGS. 13A through 13M. If the operator chose
a fastest only search, processing is vectored to step 242 on
FIG. 14H to start a fastest only, moving mode, opposite lane
search which is identical to the fastest only, moving mode,
opposite lane search described in FIGS. 13A through 13M
except for two exceptions. Those exceptions are that the
fastest search is not limited to candidates above the speed of
the strongest candidate (see steps 248 and 250 on FIG.
14H), and only the fastest target’s speed is displayed along
with an optional display of the patrol speed (sce steps 262
and 278 on FIGS. 14K and 14M, respectively).

[0134] If, in step, 226 on FIG. 14B, the operator chose
same lane, moving operation, processing is vectored to test
229 on FIG. 14C representing the determination by the DSP
of whether the operator has chosen the fastest only or
strongest only searches. If strongest only was chosen, pro-
cessing is vectored to step 280 on FIG. 14C where a
strongest only, moving, same lane search is performed
which is identical to the strongest only, moving, same lane
search described with reference to FIGS. 13A through
13M. If the operator chose fastest only, processing is vec-
tored to step 296 on FIG. 14F representing the start of a
moving, same lane, fastest only search which is like the
moving, same lane fastest search described in FIGS. 13A
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through 13M with two differences. Again, the differences
are that the moving, same lane, fastest only search is not
restricted in FIGS. 14A through 14M to candidates having
speeds above the strongest target speed (step 300, FIG.
14F), and only the fastest target speed is displayed along
with an optional display of the patrol speed (steps 310 and
312).

[0135] Although the invention has been described in terms
of the preferred and alternative embodiments described
herein, those skilled in the art will appreciate other changes,
alterations and alternatives that do not depart from the spirit
of the teachings of the invention. All such changes, alter-
ations or alternatives are intended to be included within the
scope of the claims appended hereto.

1-32. (CANCELED)
33. Traffic surveillance radar apparatus having directional
sensing and indication capability, comprising:

an antenna assembly for (2) transmitting radar waves of
given oscillator frequency toward moving traffic targets
that are both approaching and receding from said radar
apparatus, (b) receiving radar waves reflected from said
moving traffic targets, and (c¢) generating doppler
shifted RF signals representative of said received radar
waves;

a mixer assembly, comprising first and second mixers
with phase shift means coupled between said first and
second mixers, for mixing signals having the said
oscillator frequency with said doppler shifted RF sig-
nals to respectively produce first and second sets of
signals at the outputs of said first and second mixers,
said first and second sets of signals including doppler
signals having a frequency equal to the difference
between said oscillator frequency and said doppler
shifted RF signals;

means for converting said first and second sets of doppler
signals into digital samples; and

a digital signal processor programmed to (a) perform a
fast fourier transform on said digital samples, to deter-
mine therefrom the speed of selected ones of said
moving targets and the direction of travel whether said
selected ones of said moving targets are approaching or
receding from said radar apparatus, and (b) display the
speed of at least one of the selected ones of said moving
targets and an indication of the direction of travel of the
target having the displayed speed.

34. The apparatus of claim 1 wherein said digital signal

processor is further programmed to display, in response to
operator command, selected ones of the moving targets only
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approaching said radar or only receding from said radar, or
both approaching and receding from said radar.

35. The apparatus of claim 1 wherein said digital signal
processor is programmed to simultaneously display the
speed of the strongest target along with the display of the
speed of one of the targets traveling faster than the strongest
target.

36. A process carried out by traffic surveillance radar
apparatus capable of determining the speed of moving traffic
targets and the relative direction of travel of said moving
traffic targets relative to said radar apparatus, comprising:

(a) transmitting radar waves of a given frequency toward
at least moving traffic targets approaching and receding
from the radar apparatus;

(b) receiving radar waves reflected from said moving
traffic targets and generating doppler shifted RF signals
representative of said received radar waves;

(c) mixing a signal of said given frequency with said
doppler shifted RF signals in a first mixer to generate,
in a first channel, a first set of signals at the output of
said first mixer, the output signals from said first mixer
including doppler signals having a frequency equal to
the difference between said given frequency and said
doppler shifted RF signals;

(d) mixing a signal of said given frequency with said
doppler shifted RF signals in a second mixer to gen-
erate, in a second channel, a second set of signals at the
outputs of said second mixer, the output signals from
said second mixer including doppler signals having a
frequency equal to the difference between said given
frequency and said doppler shifted RF signals, in which
either the signal of given frequency or the doppler
shifted RF signals supplied to the second mixer are
shifted in phase relative to the phase of the signal of
given frequency or the doppler shifted RF signals,
respectively, that are supplied to said first mixer;

(e) converting said first and second sets of doppler signals
into digital samples;

(f) performing a fast fourier transform on said digital
samples to determine therefrom the speed of selected
ones of said moving targets as well as the direction of
travel of said moving targets with respect to said radar
apparatus; and

(g) displaying the speed of at least one of the selected ones
of said moving targets as well as an indication of the
direction of travel of the target having the displayed
speed.
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