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basis. One technique involves the placement of a special

transmitter on each emergency vehicle which is to allowed

20 priority passage through intersections. "The traffic light

controllers at each preemptable intersection are equipped

with a receiver which receives signals transmitted by the

transmitter and there upon actuates the traffic lights to

stop the normal flow of traffic. However this technique is

25 relatively expensive and is cumbersome in that the person-

nel in the emergency vehicle must manually actuate the
transmitter in order to control the traffic light.

Traffic light controllers at preemptable inter-

sections have also been equipped with detectors capable of

30 detecting flashing lights (normally special strobe lights)

mounted on each emergency vehicle which is to be allowed

priority passage through the preemptable intersections. In

essence, this is similar to the system mentioned in the

preceding paragraph, in that the emergency vehicle light

35 replaces the special transmitter.The system does however

enjoy something of a cost and utility advantage over the

system mentioned in the previous paragraph, since emergency

vehicles are normally equipped with flashing lights which

are actuated in emergency situations. However, the cost
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In the inventors' view a better solution is to
20 devise circuitry capable of detecting the sounds produced

by emergency vehicle sirens. There is clear cost advantage

to this approach, in that emergency vehicles are conven-
tionally equipped with sirens (ie. the emergency vehicles
do not need to be equipped with additional special purpose
25 equipment ) and a utility advantage in that such sirens are
normally activated in emergency situations (i.e. no separ-
ate manual actuation of additional special purpose equip-
ment is required). A further advantage is that regulations
do exist which prohibit the use of sirens on non-emergency
30 vehicles. _

The priof art has evolved a number of circuits
for detecting siren sounds. However, the inventors con-
sider these to be problematic in that they are susceptible
to false alarm triggering by sounds'emanating from sources

35 other than emergency vehicle sirens. They also provide
unreliable detection of siren signals that have a relative-
ly long period as well as very long detection times. The
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recognltion to be applied to this modulation waveform and

accurate recognition of various waveform patterns to be
made. In addition, the ability of the FM detection scheme
20 yields a great increase in the ability of this invention to
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detect sirens in very high noise levels. With the low

cost, high degree of functional integration, and ease of

reprogramming for different algorithms and parameters,

Digital Signal Processing (DSP) techniquée'é lend themselves
25 to the such a siren detection system.

Summa of the Invention

The invention provides a siren detector for

detecting siren sounds which change the instantaneous

30 frequency of the waveform at known rates within a selected
frequency band and with a known period. The siren detector
comprises a transducer means for detecting the siren sound
waveforms and producing an electrical output signal repre-
sentative thereof; an amplifier means for increasing the

35 electrical signal to a suitable level for processing by
subsequent processing; first filter wmeans to provide
anti-alias filtering prior to the analog to digital conver-
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detedbartmeamts rfpxt detepcedngt that freqeenoplwaveform pattern
of a High-Low siren; a Wail detector means for detecting
the frequency waveform pattern of a yelp  siren; a detector
means for detecting the frequency waveform pattern of a
siren other desired siren waveform(s); a sound level
detection means for determining a signal which is a func-
tion of the sound level in the passband of the siren sound
incident on the Input Transducer; a squelch detector-means
for determining the signal to noise ratio of the signal
processed within the passband of the siren sound incident
on the Input Transducer; and preempt detection logic to
determine when a siren sound meets the predetermined
criteria to enable the PREMPT signal.

A sound level detector means may be provided for
adjusting the sensitivity of the siren detector to reject
siren sounds below a selected threshold intensity level.
PREEMPT control means are provided for activating the siren
detector as the siren sound increases in intensity and
exceeds the selected threshold intensity level and for
deactivating the siren detector as those sounds reduce in
intensity below the selected threshold intensity level.
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when the si (? d decreases in | evel below a selectable threshold
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mabl e signal processor operated according to a conputer program The
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di agram of a genelral I zed siren detector, used for, cl assi fﬁ/l nsq a sound a
bei ng one of e intersection from the d:.rect:.on of the siren, or other

15 conditions which allow safe passage of the vehicle through

the intersection.

Brief Description of the Drawings
Figure 1 is a block diagram illustrating the

20 Dbasic operation of the siren detector according to the
invention.

Figure 2a and 2b are diagram illustrating the
basic configuration of a four channel siren detector at a
street intersection, and the configuration of a plurality

25 of siren detectors. '

Figure 3 is a block diagram illustrating the
limiter discriminator of the siren detector according to
the invention.

Figure 4a, 4b, and 4c¢ are diagrams illustrating

30 the ideal characteristic signals of three of the many
common types of siren sound which are detected when pro-
cessed in accordance with the preferred embodiment of the
invention. -

FigureS 5, 6, and 7 are diagrams illustrating the

35 typical actual characteristics of three of the many common
types of siren sound which are detected when processed in
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a nunber &poogspssed siren types. 10 Figure 11 IécﬁFg ck :
di agram of a noi se UReSHakems SaRipRbeddet ector. Figure 12 is %‘?@H’ .

depicting the neans f . of the waveform period for yelp and

hi gh-1ow sirens. 15 | !mmmﬂmpure 13 is a diagram depicting an

al ternate means for - the e gh-1ow Sitren. Figure 14 is a

di agr am depi cting the nmeans by which a wail siren’sound is detected using ®
the linear least squares fit of a short |ine segment to the sanpled siren
20 data. Fi g@ccomdance widdy the pylefienned esbiodiment pfotheoinwention, «
| east squar es 14 | 11 EN hiBH S des “Jdaveard i.cient”

out put of the slégpﬁa%ﬁ\%éorﬁlﬁglﬁlgﬂlgé@t e s%%i{]hgﬁfé_s%ﬁ/oep%lut of the
sl ope 25 detector, whi dHERS LRedrdiagramchbivstrating dthec effecthof
~siren signal, the eliek| filter. il nbovihg StBebFRClo1diAY vk the s-en
de- tectorgsh 'i%rﬁh . r%eer ed enbodi rrea;._ 30 Detajled Description of the
Preferred Enboane %ﬁ%? n&y=H e REOFESERF A &frﬁﬂﬁf*@‘?—ﬁﬁ‘t’l%u Be ®FECh
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sound are 35 comonly referred to as 1
i deal char act &f &he edian fddtem mapd &s Lhe Ml ickhmEildtemspect i vel y.

Ideally, th [ h : 1] ' |4z '
eal ly, the siren has g it ilgneRRithtled d(?).tagg'r%glf Bz é'eggﬁlerQiEQQESGS

accordi ng, § o these siren character- istics, and ot ) s ren sound
typi cal | y"Hhas 8#5fth ctor usrdyfer abassifyingssisennd as beaing one1060
Hz, and a repel nuniier e Q¥siatedilsikel? typdd gh-1ow siren 5 sound

typically has a m ni mum{,requency .of 4 , 5.a maxi mum frequency of 6Q0
Hz, and a repetition ratedfF g‘utlslal—g’g%f '1Iag§iaf"eg¥sBuﬁ&lﬁ?pF%SFP'y‘eﬁas a

m ni mum f r equedmeloth M@k aetora maxi mum frequency of 1400 Hz, and a
repetition rate of aboutF]-%..&% her sSi S(Hfj%bqt | st,.,.. and new 10
ones nay Jt_)g defined, whic naéll% s%bg gg?éct ed Scrﬁ%')éigs the' means’ for

measurement of the waveform period for yelp and high-low
sirens.

Figure 13 is a diagram depicting an alternate
means for measurement of the high-low siren.
Figure 14 is a diagram depicting the means by
20 which a wail siren sound is detected using the linear least
squares fit of a short line segment to the sampled siren
data.
Figure 15 is linear correlation coefficient plot
for a linear least squares fit to a wail éiren. This is
25 the "linearity coefficient" output of the slope detector.
Figure 16 is the signal slope output of the slope
detector, which gives the rate of change of frequency of
the siren signal, for a wail siren.
Figure 17 is a block diagram of the siren de-
30 tector showing the preferred embodiment.

Detailed Description of the Preferred Embodiment

Emergency vehicle sirens commonly emit sounds

which precess between two frequencies, the minimum and

35 maximum frequencies, with known repetition rates and
characteristics. Three of the more common siren sound are
commonly referred to as the yelp, high-low, and wail. The
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tailed description of the preferred embodiment will then be
provided.

20 With reference to Fig. 1, the siren detector
utilizes an input transducer 1 to detect sound energy and
convert those to electrical signals suitable for processing
by the siren detector. These electrical signals are am-
plified to some nominal level for processing. The preamp-

25 1lifier 2 is followed by an anti-aliasing filter 3 prior to
the analog to digital convertor 4 which converts these
analog electrical signals to a digital form for subsequent
processing. An analog to digital convertor with a resol-
ution of 12 to 16 bits and a sampling rate of 8.0 kHz has

30 Dbeen found to be suitable for processing the wail, yelp,
and high-low sirens described so far. A band pass filter
5 with a passband from about 300 Hz to 1800 Hz has been
found to suitable for wail, yelp, and high-low sirens. The
sampling rate would have to be increased above 8.0 kHz if

35 sirens with maximum frequencies much higher than those
discussed so far are to be sampled without aliasing. The
digital bandpass filter 5 is used to remove spectral energy
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when a of 8.0 kHz to 40 Hz has been found to be suitable. Since
the actual spectral content of the sirens variation of
frequency with time, as shown in Figs. 5, 6, and 7, is
20 typically less than about 15 Hz, the sample rate after the
low pass filter in the decimator need only really be
greater than about 30 Hz. This sample rate reduction
greatly reduces the processing demands of the subsequent
steps.

25 _ Another key advantage of this low pass filter
operation is that it allows the limiter-discriminator
detector to operated essentially as a wideband frequency
modulation detector. This allows the great improvement in
siren detectability over conventional means. As is the

30 case with conventional FM receivers of the type discussed
by Jakes in "Microwave Mobile Communications” (John Wiley
& Sons, 1974 ISBN 0-471-43720-4) it can be shown as the
ratio of the input signal bandwidth.at the input transducer
1 to the baseband output of the limiter discriminator 6

35 increases, the baseband output signal to noise ratio
increases for the same input signal to noise ratio. The

input bandwidth of the detector is defined by the input
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wai | siren detectors. i etectors determne |
of the signd? fAd &EhdaiR 1aver rreonRensienalMRANDf criteria which

classify it as one of a nuftbergofgSidiirdatas sl € hokEheyfséLImPRACEE OTe RS
been configured to detect. The output(s 5 these detectqQrs serve as one

of
of a nunber of GFFREIF HhatpAk Watesh Wegmiormy. sugh a5 ddipsiren
detection | ogi c stremid,heproduyes Sitpelsé heosse eordetritRES WhehOthkl sibbhal

e saueloh doUSE Ynlds PRELTBE U ASIED OB S5 Mg SELFEE Bhck,
meet the sel®ct isdmregy i seund, isheomehadPREAW Rl standdefromf the |ingut
controller is epghleth,cHie WY Mhe Ohalbgr&IEPaSand' 16661°1hNthedvibinity
of the input transducer is very high. 1In any case, these
"clicks" create a problem when trying to classify siren
sounds belong to one class of a number of classes of
20 sirems, In Fig. 7, the actual limiter-discriminator fre-
guency output signal for a wail siren with a low signal to
noise ratio is shown. The clicks are clearly evident at
about 1.5 seconds and 6.3 seconds elapsed time in the
figure. A click filter 8 as shown in Fig. 1 can very
25 effectively remove these clicks from the limiter-discrim-
inator frequency output signal. The same input signal in
Fig. 7 when processed by this click filter results in a
median filter output as shown in Fig. 8, where the clicks
are seen to be removed. It has been found that a "Median
30 Filter" with a length of 9 samples or about 0.225 seconds
time duration is quite effective at removing these clicks.
Longer duration Median filters could be used, but they show
’ no substantial improvement in performance.
The output of the click filter 8 in Fig. 1 serves
35 as an input to a plurality of detectors. 1In this case,
they are yelp detector 9, High-Low detector 10, and wail
detector 11. One of more "Other Siren Detectors" 12 may be
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troller when; yga) §he;SPHAMLT SHIED S udlPYs L 20S3HSSh of the siren
loudness or level at the input transducer 1. Since sirens
maintain an approximately constant output level and the
20 sound level at. 1 increases with decreasing distance between
the siren and the input transducer, the signal level at 5
is a function of the distance between the input transducer
and the siren. The signal at 5 is input to the Sound Level
Detector 14 which measures the magnitude of the that signal
25 and compares it against a preset level threshold. If the
magnitude of the signal at 5 exceeds the level threshold,
it enables the output of the Sound Level Detector. If the
magnitude of the signal at 5 does not exceeds the level
threshold, it disables the output of the Sound Level
30 Detector. The output of the sound level detector serves as
one of the inputs to the Preempt Detection Logic 15.

In some situations the ambient sound level from
sources other than sirens, such as that due to traffic
noise from tires, engine noise, industrial noise, aircraft

35 engine noise, etc., may be so loud that these levels exceed
the detection level threshold of the Sound Level Detector
14. In this situation, the output of the Sound Level
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15 real and imagi nary components tter
1 meets one of the valld s1ren selection criteria of siren
detector functions shown in 9, 10, 11, and 12, and (b) the
sound reaching then input transducer 1 exceeds the detec-
20 tion threshold criteria of the sound 1level threshold
detector 14. For very noisy environments, the PREEMPT
detection logic 15 would only enable the PREEMPT output to

the traffic light controller when; (a) the sound reaching

then input transducer 1 meets one of the valid siren

25 selection criteria of siren detector functions shown in 9,

10, 11, and 12, and (b) the sound reaching then input

transducer 1 exceeds the detection threshold criteria of

the sound level threshold detector 14, and (c¢) the signal

to noise ration measured at the output of the limiter-dis-

30 criminator 6 measured by the squelch detector 13 exceeds a
squelch detection threshold.

Fig 2 (a) shows a typical installation with a

traffic light 26, four input transducers 21, 22, 23, and 24

mounted such that they are optimized for detection of sound

35 from one of the four streets which approach the traffic

signal 26. The output signals from these transducers go to

a four channel siren detector 20 which processes the
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The complex conjugate and first derivative of the phase

splitter output are formed by 41 and 42 respectively. The

20 product of the complex conjugate and first derivative is

taken, as well as multiplied by -j = -V¥-1. The real part

of this product is taken by 44. The power of the input

signal is determined by taking the magnitude of the phase

splitter output in 46, and then squaring this signal in 47.

25 The frequency of the input signal is then calculated by

dividing in block 45 the output of 44 by the output of 47.

The output of 47 also serves as the input to the sound
level detector 14 in Fig. 1.

Fig. 4 (a), (b), and (c) show the ideal frequency

30 versus time characteristics of the three most common

sirens, these being the yelp siren, high-low siren, and

wail siren respectively. In actual practice, the sirens

characteristics are quite different. Fig. 5 shows the

frequency versus time characteristic of a yelp siren. Fig.

35 6 shows the frequency versus time characteristic of a

. high-low siren. Fig. 7 shows the frequency versus time

characteristic of a wail siren. In these three examples,
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serially shifted into the input shift register 51. They
are sorted in ascending ( or descending ) order by the
sorter 52 and reassembled in ascending ( or descending )
20 into the output register 53. From the output register 53,
the medial value is taken and used as the output. In the
example shown, the sampled data sequence in the register 51
is 1, 4, 6, 2, 9, 8, 5, 7, and 3. From this sequence, the
median filter selects 5 as the medial value. If a new
25 input sample with a value 11 was input into the shift
register 51, the end value 3 would be discarded and the
input shift register 51 contents would become 11, 1, 4, 6,
2, 9, 8, 5, and 7. These would result in the output shift
register contents becoming 1, 2, 4, 5, 6, 7, 8, 9, 11 after
30 sorting. The medial value output by the filter 54 would be
6 in this case.

Three basic types of sirens detectors are used
for the detection of most sirens.. The main objective of
these schemes is to provide a low probability of false

35 detection, fairly fast detection and classification time of
about 2 to 3 seconds maximum, and sufficient flexibility to
accommodate variations in the siren characteristics. A
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conparator 61 is then uysed to, deter ne | t ween

he ste |r1 frequ
the | ow tone &?ﬁf—"‘ﬁﬁ-}‘ T ,egtjp °Eeta| od
5 between tinpsipheirdie wmlea‘ss rwoémqueocyovmoeosnepezcrosmeslabttelod

th hol d d.

1 thi's paPT o ST L ERREE” I cEReo SneiSnfHin Y RORRREM oo TREBBECC

whi ch is typi aatdgsas Gmesahthﬂ-d fog tsmcﬁmqeme tdhreshplsh crossing

the siren sig éﬁﬁ =d taﬁn aI%eltﬁﬁ‘ bbé&r cﬁ"f&'ﬂérﬁﬂﬂﬁﬂﬁythkeh@erand
XI

| ess than a se ecta mfrequency ierr a counter 1s increnented.

The frequency ShRrfed orangs 407 omkid Vet Edrense Whighsisotypicgddicy
conmparison. |fgde Bexbnas! itef ¢ sa0eaedonds!, 0 £ed WehBi Eddifadifst 3P the

s Bt shebboECERRDR i S oy
decr enent ed. Jheanduilees .roh@EnTeEn sen.eetablé ameck itrym cEtéquémey afgnxi @um
val ue of |ess é&ﬁi’t&o idf 1 hBFeRONOLE" "%KS' £PXGHEHSYA Uiparatbes! 89 LHESh-
64 are used for the purpose of frequency comparison. If
the next period is measured to be within the user selected
20 region, the counter is incremented again. If the next
period is measured to be outside of the user selected
range, the counter is decremented. The counter minimum
value is 0. If the counter level exceeds a user selected
threshold, typically 3 or 4 for reliable detection, then
25 the yelp detector output is enabled to indicate that a
siren meeting the yelp detection ha{s been detected. It
should be apparent that the sense of the change in fre-
quency from an increasing in time sense to a decreasing in
time sense in relation to the frequency threshold crossings
30 is also possible within the context of this invention.
This means may also be used for the high-low siren type,
since this siren type is characterized by its periodic two
frequency characteristic. The period measurement technique
is shown in Fig. 12.
35 The second of these is also suitable for high-low
siren, although other siren types could also be detected.

It simply sets a frequency difference threshold midway
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20 old, ylgﬂ 3 or 4tore|ia\blg detection, then the high-|ow -
detector o §3 088 o eabsiSbett 1as BettBeRATE t hat a siren neeting tHFF/GAYINIL
detecti'on has been det “\ | d be apparent that the sense of the
change in fre- quency PR ing in tine sense to a decreasing in
25~time sense in relation to the frequeRgy 1t hreshold crossings is also
possible within the context of this invention. The period neasurenent

teghnique is shown in Fig. 13. The third siren detector.type is for the
wai | siren. Thetsween ethiey pif Setdncecicr | ehd lmirdinued yah@ngnadfimyer E@d-of

b .8 d ' di ; h if.th
compl et e cych o T ReEeE PRected  £b2 RCATSLYIBRPBLERY . HBY ohoibyABRRE 168"
det ect out put vieo elZddiieretz . a The eEréguencyecompabatorislois2thencuadd to

22 Lo 29 secondsebiuhhbcs ol fdiko TH TURRAGY BURARLR he 105 UERE la”

to 3 seconds detection tinme. _ ui pped vehicl e coul ¢
easi |y be p&ssecehe hBight &ione - exrefRdBefssme t Hareshehd wSulrety havheeperiod

detected.  ThiSetweenl@imelti OPh¥nuRdRsi habhr@atlindat f feqhéndy! Wawal egnhpe
observing the fact that he[tﬁ{fe enc fharacterlstlc i.s nmore or |gess %
Criangl o wave VTIPTEE  FhSs LREENOLb A 0BnEvp, SuReeaRive. MRraRsing  fon-
dgt ector uses t@&é}ﬁwromﬂnglseSSam?hgﬂteﬁl. dmfat?ﬂ)s pé'rﬂbdigfal?dowﬁ.ﬂhin
about 1.0 seco [ rag | t 0. perfaorm i near. J east_sqguar L,t. to the
sanpl ed freque%e dgFg% %#f%%%?deaﬁglgieong%¥ R J‘fioryrﬁsfg :I%F%% Bﬂ} crfi %gto
a 1.0 secod@ sctyphcally Had® sasogids tounieset®ontds, bod the Sreguedeyeofor
bei ng di scusse | 5ty hong o f a}t@:f engcy i ti R S
t he sl ope of tﬂteh?i r%gg()arrﬁrgggﬁ%?' C San er%o re%ﬁgﬂc% gr? eg?ia?h"%heﬁ‘ﬂﬁlmmn

i ntercept frequefRgueRcy ;o andckesmisthan /i sselereabhe dpaximan L reguancy

correl ation coefficignéo@htéheisi inkeewRetddle Hhe Strainddticy | B6mpapsaesEs
and t he sanpl es "8t data. One of calculating this |Iinear correlation
coefficient for®N %rgﬂﬁ%e?’ﬁ u&‘é\%fqﬁ PHeNPH€PH§%49f | AT eANENEY sEOMPAT LEP
the fol | owiBg epfiatthen: néRtr JpeX¥iod is measured to be within the user
selected region, the counter is incremented again. If the
next period is measured to be outside of the user selected
range, the counter is decremented. Thé counter minimum
value is 0 and typically has a maximum value of less than
20 20. If the counter level exceeds a user selected thresh-
old, typically 3 or 4 to reliable detection, then the
high-low detector output is enabled to indicate that a
siren meeting the high-low detection has been detected. It
should be apparent that the sense of the change in fre-
25 quency from an increasing in time sense to a decreasing in
time sense in relation to the frequency threshold crossings
is also possible within the context of this invention. The
period measurement technique is shown in Fig. 13.
The third siren detector type is for the wail
30 siren. This siren type is characterized by a wvery long
period of between 4.8 and 7.2 seconds. It is readily
apparent that if three to four complete cycles of a wail
waveform were to be detected before the wail detect output
were enabled, a detection time of about 15 or 20 seconds to
35 22 to 29 seconds would be required. This greatly exceeds
the desired 2 to 3 seconds detection time. In fact, a
siren equipped vehicle could easily be passed the intersec-



where f[e ' he frequency taken at tine t[err] and N isgpdh .
sanpl es ué‘&edgln'r?0 he linear fit. The value of r "ra]nges fromB wﬁere tﬁ{a're IS i
no correlation, to [err]1l where 25 there is conplete correlation. The:

sign of r inthis case is the sane as that of the slope m but it is only

the magnitude r that is inportant and-noé the sign. This |inear |east 3
squares fit to the waveformand the frequency at any part of the waveform
provide three 30 classification criteria for the wail siren. These

criteria are; t(:.@nthefbrequelmysaﬁ:emheﬂola%f bayvembeenec dgtectad ysdhis -

specified m ni f SERPRIAL 63
and 64, (2) tr@ﬂ% r{aaé%la@r#gel%%q%h% #?Zlqggnggigmﬁ%ﬁa%?ggyabslop? oft%éhe _

strai ght |ine BBt pehat okhef Imeauencyecharackeristiiq s paEeuSEr
; ?gggsd tprC%%iéa APl aepavaSORitl/ §88xl 9 séealgﬁtsp@;;t?aneew rﬁh‘eactthyvéhe
: et ect or wel oodness of fit

coefficienP of TR g éem)’@é‘ 3 9y ﬁ’esesseg’?ﬁ’rﬁ F3Ct hedP eb‘%% %\?éiv&&or m
28 delt e[ m ned mﬁa&wozslsmmmg l&f:itmiovﬁ!i:f abblatt meOrTagqondSelnfdlu‘ajL)mhltmear
orrel ation coge ei

siren neets al¥® ﬁ]&é’g %fh%‘ﬁéegig 1céré‘| s?:%ag'%% can e re rg%ﬂ%lé?%s%? ed as a
wai | siren typmta'yplkallﬂ%@-lécemtl-onre@fu%hﬂgf?ms techni que are the or der

of 2 to 3 seconds, making it as reliabfe. aaetheyelp siren detec- tion
t echni que. The slope measur ement techni que i s shoywn 10

T
sl ope m ofLd hel$iafIt kP e LolnSeSPRMNSeauence f sd%%vﬁ?‘i‘ﬁr’}l%‘fg i ‘ﬂg
Eﬂe i neiar Cozf&%hﬁgsfﬁé{xfdétﬁéﬁof bélﬁ@ocmsd:\i‘sfé@ 1tn t;.jhis téqwatezlkmmpl e,
e sanple ra Was z an points were t ar
fit. This fitf CORERCYy by ‘Fh% oEES 0T 15 ThR. J&?ﬁ%%y‘%}g@of
unel ch det ectDineSObawwbcnsf achemigee ofp Eregeencyyehotl Heisctibe  imtgxcept
etector provigdes a n i ch Sp@ n o e g.p_g%ge NR Of e
limter-discri %ﬁ%ﬁﬁhgufé&r@ ?s dééecr?*bﬁes:; [ nh&tes![aal ?ﬁb %hg e %1?1@
U rich i n1SConhimeant |W¢3€%@i%r soeffiigdieptesof wéﬁglfr'lt MeeEHRER; | Fheook

thgPagg » ﬁ988 stP41GRE" 21h8Ns8bmbRESENAOLRE S2ETEET 611 Gabasedone wap dBCt

calculat:Lng this 1linear correlation coefficient for N
samples of data, with N being 40 in this case, is using the
following equation:

Y =

[ N2 - (zt)? 1% [ nNzg? - (z£)? )R
where f; is the frequency taken at time t; and N is the
number of samples used iff*the linear fit. The value of r
25 ranges from 0 where there is no correlationm, to #l1 where
there is complete correlation. The sign of r in this case
is the same as that of the slope m, but it is only the
magnitude r that is important and not the sign.
This linear least squares fit to the waveform and
30 the frequency at any part of the waveform provide three
classification criteria for the wail siren. These criteria
are; (1) the frequency of the waveform must be with the
user specified minimum and maximum frequencies as deter-
mined by comparators 63 and 64, (2) the rate of change of
35 the frequency with time or slope of the straight line
portion of the curves must fall within two user defined
ranges, typically between +300 Hz/sec to i 500 Hz/sec, as
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carrier to n0|s I 0 i ncreases, the baseband noi se energy dep

decr easés. aﬁﬁéctor used for this purpose is 25 shown scﬁ§#§¥%®%¥Py
in kg 11 The output of the 1.5 kHz to 1.8 kHz bandpass filter is
"full-wave rectified" by the Absolute value block. This output is then’
filtered by a sinple ow pass filter w th gy handw dth of about 10 Hertz.
The output of this filter is then decinated to a rate of 40 30 Hertz,
reduci ng the subsequent processing rates. The deci mated output, which is
ahf Gnction OL thae&émaheaomoitlﬁxe rﬁ%dgehcdeﬁéﬁcﬁql?pﬂahﬂﬁmmsit@l&algodcmess
t hen conpared againgt . a user sel.ect.ed thre n e

tector output enggl z&tvw?gn ci%é:?lf‘?%lﬁ %l%ea ?fg? ?/\# ﬁlé& ﬁgp%kvgss%oll&near
| evel . Those skiLine Sagmbatato Uhelfrwmgmze?amomtn@ss@mmmm the
described in thig;pguenidQlidsy i ggal Iy hlta%8 it T8 IaTPGBBEN A dY

in a progranmable c uti ng V|ce or di processor

t he many advdnt a§esx éFlé?ﬁlaIQ&FWﬁﬂ’(#%t'éYPbﬁél Ku?l?lé'g |pegyeent 08y and
effect of tenperatgre off téige p§i£€ﬁ”ﬁ8§€s @33€ iree GFElaphéss thecerfign it

detector to nem15|re sounds .hy repro g rather than podific QnS

to the hardmare,cﬁﬂe |Q4L%F4i¥ é%éagg§mﬁeﬁﬁ}ﬁeséFﬁﬁntHEFect3&3

ﬁyv Si re]p sougdsdeltbetabnl rttxmdsowsﬁmgt €hyl sC @echaligulee amﬁ] ehed eireioof a o
is preferred i enentation,i.s shqwn in e L nput

fromthe input tggﬁ§&3 S gﬁ?ﬁqﬁnﬁ 3 th %i%@ﬁ&%ga§nbﬁ? §e%§a%&ﬁ%b q%ﬁf

Anplificati af andofi teshnigussct iThe 8flope Measwrenentt techhiqnans’iserahown

Doy ection and ShANMLORN || O\ P | G ARO" FEEDO8E B BRLLA! Bhdbif in

anal og to digital conversions ‘and processing functions
described in thF3g igviat isHewnstir uBigndi cbR or angr dhiedel ivedbaSerrelatdan

as to the perforﬁaaeel%&eh&e S {LNsREkECI AT Figet @.%t'onrxi’ftﬂi\é' Qx&tnbi@ the
sounds, siren type, channel nunber activated, etc. Parange- ter

sel ectors 84 ar eSBRBVEIEBEEVEFS| &) BeFtR (FRd14Qsample |pé>11’§-'18r éﬁ?%ﬁgﬂ@&q Fer
parameters d1mcathg. linedix £kt er nghibr @taFasgpeptotnedr et laprat&obt &P
is provided to a Iow | ocal or renote reprogranm ng of the siren detector to
update the soft &-€ont r ol program or to locally or

One common type of squelch detector is based on

a noise operated squelch detector. This detector provides
a signal which is a function of the baseband SNR of the
20 limiter-discriminator output. It is described in detail by
Rhode and Ulrich in "Communications Receivers: Principles
& Design", McGraw-Hill Book Company, 1988. The operation
of these noise detectors is based on the fact that as the
carrier to noise ratio increases, the baseband noise energy
25 density decreases. This detector used for this purpose is
shown schematically in Fig. 11. The output of the 1.5 kHz
to 1.8 kHz bandpass filter is "full-wave rectified" by the
Absolute wvalue block. This output is then filtered by a
simple low pass filter with a bandwidth of about 10 Hertz.
30 The output of this filter is then decimated to a rate of 40
Hertz, reducing the subsequent processing rates. The
decimated output, which is a function of the signal to
noise ratio of the squelch input signal, is then compared
against a user selected threshold and the threshold de-
35 tector output enabled when the input signal is below the
threshold level.
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renmot el y 8§ od € siren detection paraneters. 25 JI be
apparent to ose skilled in the art in the light of the f Flégm ng
di scl osure, nmany alterations and nodifications are possible in the practi ce
of this invention w thout departing fromthe spirit or scope thereof.
Accordingly, the scope of the inventiopgis to be 30 construed in -
accordance with the substance defined by the follow ng cl ains. - 19 -
VWHAT IS CLAIMED | S: 1. A siren detector for detecting siren sounds which
precess at known rates Thaese rekilded diredhe equendil baratdgniize ithatatthe  *

preenpt abl e conE&ol dg ! | %écnhed 'irgh'trﬁlégnih%eh&%ﬂabi%aﬁrhé‘a[ﬁ ency

vehicle to pass, t ¢ SUoh & tra i c intersection onaprlorlty Si's, .
det ect or conpfuibery tHQsdiPdeneBkation) iB; YctRXIFRMashle te!rﬂﬂfor

produci ng an @éﬁ:éél @@4 Z&%&louéﬂgﬁaﬁl cers@afzesenwllsv%éﬁetﬁef mafny st

10 f||t neans l.ter sai d,sound.out put si
oroduce aft ariSVATGRURE (VSR 28R LG LEBL SReSEAE 1 GREns ARG e, 1D, i,
analjog to di ganpl aftﬁeo&rsopn qmnqua;umdoneomm fperfermaes (éaséorof
producing a t S rLng i d |
out put si gnalgﬁ%‘%:lé ?Hségg%ls‘ ou Jésfsggdnggl eé"tl"‘%g!l fsroémdéﬂ]nfyfbaé%%isal d
det ect or charmmmgzg‘atbyrl mhatrerquzstwaftnansr teearke ( Bprfivareapfihe

d band | | t
sai an '”&5 éygﬁé Hlb%e&g z@gﬂwg%np @{%agsifén &QEEEEFEQ FRraYRd i LY

proportional € derivative ortion of said
band- | i mitPed %%ﬁwal soyupdss ort%r?’?%&]r:‘ztﬂﬁgtf’hé'qn&ttﬁ]tﬂ n§CRERAL | ther FiFRiuce
an indi CathFﬂ@ﬁeéﬁ@rfréﬂuenCThﬂé peeﬂeb@éd iplet@ntia@ien idh shbwn ik

(8) responsi vEido12ai (PRFeAHBHE, SETABbACHFORFFot SRy P GAr
conponent s thﬁnpﬁtamtuhqomd&og anput t $igmb i ot e tnibon | amplitﬁndatsmcgnal
30 3. A SiLfR 99986L0hg2%edtibhCBo 'th ChRbPde 1¥ckI9cal transient
- 15 protection and signal conditioning. The signal processor
81 performs the analog to digital conversions and all of
the processing functions described in this invention.
Status indicators provide feedback to ‘users as to the
performance of the siren detector, detection of valid siren
20 sounds, siren type, channel number activated, etc. Parame-
ter input selectors 84 are provided to allow adjustment of
the siren detection parameters locally. An External
Programming and Control Input Port 85 is provided to allow
local or remote reprogramming of the siren detector to
25 update the software control program, or to locally or
remotely change the siren detection parameters.

As will be apparent to those skilled in the art
in the light of the foregoing disclosure, many alterations
and modifications are possible in the practice of this

30 invention without departing £from the spirit or scope
thereof. Accordingly, the scope of the invention is to be
construed in accordance with the substance defined by the
following claims.
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conpri sing vel detection nmeans (14) responsive to sai ted
signal to pwzg sound | evel signal indicating that a soungcpg:agflw i’gthl n
sard 35 selected frequency band at said ----+r~ansducer neans exceeds
a selected sound intensity..l.evel. - 20 - 4. rﬁg qggg,ﬁg 1R&d
def4ned in claim11, further conprising-sggelch det
responsive to said frequency conponent for indicatin i‘“ﬂ mﬁﬂmlrfm

noi se level within said selected frequency band at 5 ansducer
nmeans exceeds aWATEASCIATMED IS noi se level. 5. A siren detector as
defined in clai 1 f r n e Y ai
frequency 10 L. E%‘%ES fcf)eﬁg?r%ﬂas%rgﬁge :Eétég@%n %f %&%gl sig?éﬁdgoﬁ cghd
for providing an i nlemQQﬂs taat koowe peates Wstwmhm setertedalfirequangy
6. A Siren detectgap g6 ifgdiialal Broemdudiiier cbiitrol of CHBASIA

nmeans (62) responsive to said frequency Conponent for measuring a period

of said sireh sound ad@htoSigRLS %‘PPli’:H%lléﬁt PHRTORRCY s ¥ERL gsg,cb(pass
period is within a sejmaeujl earepgefidlintersebtivn &h dgt petieridy deidined
in claimb5, further co I ng ,means 63 64 responsive to said frequency
conponent for measur i %‘@3’&&& iren sound and for providing
an indication that sdaj nmrrsﬂhdemqueams Esrwiddtervtarke| sxidbseoundsgand5
8. A siren detector m_G, riRer Y _
(63, 64) responsive to salfgﬁr ué‘{rﬁ’{:li1 %#poengn xjfié%arirreas Ing g}]%rlequ ﬁscey
of said sirkh sound and f@eqtra&mﬁ ridrexredfivdi cati on t hat sai d 30

measur ed frequency 'Suwtfa 'h%s%ek.%‘ii:éh}' RehABYEor Filtdyind 'S dYURMLN 5

defined in claim1, further conprigsing neans (65) responsive to sal
f requency conponent for rré%fﬁ]’ﬁnﬁg aligfdngs ima SFausEquERey BRALOg  toyf

said siren sound, and for da_rgq\ugil Qﬁ;ﬂﬁg‘ﬂjﬁ@ﬁdﬁééd}at said neasured rate

of change of frequen (y )I S a\Msterlzloncfl 1.§1eltecxt' antl)égnsr anr f:.lterlng said signal

15 to reject signals outside of the selected fre-
quency band; and,

(d) a limiter-discriminator to process said signal
and provide an output signal which is a function
of the frequency of said signal.

20
2. A siren detector as defined in claim 1, said siren
detector further comprising a click filter to remove
impulsive noise occurring in the output of the limit-
er-discriminator which arise in low signal to noise
25 conditions.

3. A siren detector as defined in claim 1, said detector
further comprising a sound level detection means for
indicating that the sound level at the input trans-

30 ducer means exceeds a selected sound intensity level.

4. A siren detector as defined in claim 1, said detector
further comprising a squelch detection means for
indicating that the signal to noise level of sound at

35 the input transducer means exceeds a selected signal
to noise level.
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- 21 - 10+yoésp4egds’ €N detector as defined in claim2, furt i i Ng
means (65) responSIﬂﬁmBﬁmﬁﬂ&ﬂa&@ﬁﬂ&gpcy conponent for neasEﬁ%ﬂéggabgﬁe of

change of frequency ound, and for providing an indication 5
that said neasured r MMHHH’;’! f frequency is within a selectable

range. 11. A siren flne(mln claim1, further conprising .
nmeans (65) for determning a correlation 10 coefficient providing a

measure of correlation between the precession rate of -said siren sound and
a straight |ihe, ahdsivenpdevedtoy as defivedibm claimshi dsabdrdetectonn -

coef 1 cient exceedgupe gk o g i rkdh &gtecﬁoﬁ' iBHndeUF Widadire

defined in claim?2 furt nprisji ng neans determnjn
correl ation coeffi EbenPeﬁva@.ta# n'@h% FEey gigna o?‘i‘@l%&"?ﬁﬂ%e? Jt%'

precession rate ofti$ghdthatesas@updraod fsswishiit al s8Rec8aBlEOkafgevi di ng
“an indication that said corre- 20 | ati on coefficient exceeds a

sel ectabl e value. 13. A siren detector as defined in claim23, further
conpri si ng préenptAcsiJrenIdeteo'sotlsgz deflpeddmicigampzeaaﬂ.dodamn:tmr gnal

for preempting congpol 1r E&cﬁi tmghggal ééﬁp nse
to said squel ch de- c or Jflgveﬁ stren e
signal s while sai dtbﬁepﬁ’pl-odoﬂfrbhe n%angnaetmal e%n@ provide Mgﬂrmdm‘t r ol

system 30 14. Acjighr EﬁaéeESEH%ei’*ioéeKbnﬁgthhﬂ & 8bMeétabler thfge.
conprising nmeans (15) for producing a preenpt output signal for input to a

traffic | ht controller when said siren sound increases in | evel above a
sel ectabl e threshohdsapenf detdenoti ast aéglﬁeadlnrem it paid Adetector

si gnal when said SI e sound decreases_ in sel ect ab
Chieshold - oo EbElRae HonbBa AR ol fhon “HEedFION ReRBE) X Wasyrs e,
conprising neans (the ffrequentici of atheeaierouspgnal and provide an :
indication that the frequency of said siren sound is
15 within a selectable range.

8. A siren detector as defined in claim 6, said detector
further comprising siren detection means to measure
the frequency of the siren signal and provide an

20 indication that the frequency of said siren sound is
within a selectable range.

9. A siren detector as defined in claim 1, said detector
further comprising siren detection means to measure
25 the rate of change of frequency of a siren sound, and
provide an indication that said sounds rate of change

of frequency is within a selectable range.

10. A siren detector as defined in claim 2, said detector
30 further comprising siren detection means to measure
the rate of change of frequency of a siren sound, and
provide an indication that said sounds rate of change
of frequency is within a selectable range.

35 11. A siren detector as defined in claim 1, said detector

further comprising a means the measure the correlation
between the precession rate of the siren sound and a
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srgnal for Q‘F)ut to atraffic l'i ght controller when said siren sound

i ncfeases-in bovlérséhgeﬂlaa&ar epladgd shol d, for JdBGEACAIHHA1EY
sai d* preenpt out put si gn | ren sound decreases in level below a
sel ectabl e threshol d, an sar d pr eenpt output signal in an
enabted state for a sel ect abI e perr od of t4 10 16. A siren detector as

defined in claiml, wherein said siren detector Is inplenmented in a
programmabl e signal processor (81) operated according to.a conputer

program said progranggka8ghitdnpiner C&‘Iﬁiss%ﬁ:d%él‘dégaﬁ 1i5nd1cat:r.on that the

comuni cations port (85). allown uter programig be
external |y | oaded froffP% e&%&PﬁaF%ﬁS&F&ﬁﬂ%&%ﬁd&e a pplectahle yalue.

detector as defined in claim 16, wherein said 20 ext er nal progranm ng
source is renote | ocated. 18. siren detectar .for .detegt |n

accordance with Eéér ée%éE'ngggtﬁéFgﬁE?gr ge ahsty éﬁ S&Bnﬁ‘ %iﬁir g&g?&g?r
at a known ra&e withi ﬁua‘thelreCOmpriséqgeaogems the meFaEure dr.hfeacplrlreaaelon

pre- emptabl e cont 1ol ghcbah kbl kBiccHeRal SAU50 LY Biean! EBLDACabON

control- ler, to enable an emar](Sg to pass rou
i ntersection on a pri SEFB}IbEsi 1n%ar@%leprpé’é-@@r é@npﬂl@?-%tlcm that the)

transducer nmeans (1) terrdthesbnNeoe®ird ciewrd eatéddy P'srEdtibhId value.
el ectrical sound output signal representative thereof; (b) a first filter

means (3) for producing an anti- aliased signal by filter] ng sai d sound

output 35 10 13. ASigifént Qiezrémﬁﬁ als agefigned alﬁulzsmmntl angugghes
digital conversion process a_second filter ér far

produci ng a band- IrnFPg‘Hrg‘Féﬂgl §eﬂg‘¥’%er?%t’§% d BRI | éinlﬁmtgo a
reject signals outsidpretmphe ceimct ed:.ﬁnad,uemy Mempnsendtd sa:.d s@delch

i m ter-discrininators(8) tar PrassaF 1gvad hAAnkdi M Lad oAl Blrector

provi de a discrim nator
signals while said preempt control means activates a

15 traffic light control system.

14. A siren detector as defined in claim 7; said detector
further comprising a means for producing a preempt
output signal to the traffic light controller when as

20 the siren sound increases in level above a selectable
threshold and for deactivating the preempt output
signal when the siren sound decreases in level below
a selectable threshold.

25 15. A siren detector as defined in claim 8; said detector
further comprising a means for producing a preempt
output signal to the traffic light controller when as
the siren sound increases in level above a selectable
threshold and for deactivating the preempt output

30 signal when the siren sound decreases in level below
a selectable threshold, and holding the preempt output
signal in an enabled state for a selectable period of
time.

35 16. A siren detector as defined in claim 1 in which the
siren detector is implemented in a programmable signal
processor and the computer program can be externally
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out put 5| ém¥¢%|ng a | arge nunber of-possible si gnal Iev é%{¥ﬁ@hﬁ$ mhlch
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i ndi cates 'a rent frequency of said sound output signal

siren detector as defined in claim18, wherein said siren detector is :: s
i npl enented in a programrabl e signal processor (81) operated according to al
conput er program said programmbl e si gmal- processor having a 15
comuni cations port (85) allow ng user selectable paraneters to be
external |y | oaded froman external progranm ng source: 20.. A siren ;
det ect or as defi nedfi nenbaelxyl.'goaMrtehrmsgl'tca Zﬁmmlcamﬂmmsnpbrpr bgranm ﬂg
source is renotely 1 i r fined in claim 2, _
wherein said cllcke%eﬁ?ggg(g% F?métﬁe ﬁq?&ﬁghg sgér@ A siren detector
as defined in claim3, further conprising squelch det ection nmeans (13)

~ responsive toi19ai daf @W%W% é@flﬂé&dﬂﬁ' %@la@.msq_ue.l.ri?hﬂ@félﬁcéﬁé
signal indicating that a_s

tp noise level _wthin said se
frequency Dand ai S3FERgaSteCtor, f AR emARkRa L A BEGaTBSPLE: 498RYnal
to noise |level. 23prAcesser caid il aseﬂeéemedtablel@aﬁaﬁétéhgtdaﬁ be

conpri sing means ( sjye

measuring a peri odg@:eé‘gﬁgig ng ré‘g%'%%hg af‘g%%gﬁ%\?%“ a ﬁﬂnﬁﬁ@fgggféﬂg t hat
sai d neasured peri portsta ahi pxtezphdcoabremoiergprograngdng Bourca.siren
detector as defined in claim23, further conprising preenpt control neans
(15) for producing a preenpt output signal for preenpting control of said
traffic light signals in response to said squelch de- 5 tector,

sound | evel detector, -and siren detector signals while said preenpt
control neans activates a traffic light control system
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