*SPEED ESTI MATI ON This invention relates.to a systemfor estinmating the
speed of a body remotely.  The invention is particularly 5 applicable to
the estimation of speed of a nobile unit in a nmobi'l e communi catpgn F%
cellular radio, system Methods of effecting handover of a call tog?rg roa
a nobile unit between cells in a cellular radio tel ephone systemare very

I nportant to the overall effd cigﬁgg‘iﬁw%f 10 the service provigded.
The object is to achieve a fast and relIabl'e handover between cells. IR -
particul ar, busy areas having a high call density can conprise a |large
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subj ect to special considerations. IS | nportan r the systemto be
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be that the unit is going to ent the m qrooce for a signjficanpt period
25 or onI?r?ef'&Fﬁvé'I“&?ﬁ%e‘h? ar?| ?7& SQW%JCr%%éFngcé'r @&idi‘“ﬁﬁlr’s{pcﬂq ant
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stati Onari{efg%ﬁfépﬁrahﬁﬁg'%? li%ch;e}ctfpéé only intracell handover is
nt Of a

requi red. assig iTferent” channel with less interference or
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be. made on Whether an intercell or an intracel handover has to be
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microcells are typically about 200 metres long and may extend
simply along a straight street.

The handover between a microcell and. a macrocell is

20 subject to special considerations. It is important for the

system to be able to determine whether it is worthwhile

effecting a handover of a mobile unit from a macrocell to a

microcell as the latter is approached. It may be that the

" unit is going to enter the microcell for a significant period
25 or only relatively momentarily as the microcell is crossed. (

An important factor is the determination of the mobile

unit speed. If the mobile unit is stationary and experiences

bad reception, only intracell handover is regquired. An

assignment of a different channel with less interference or

30 fading within the same base station can easily improve the

quality of the link. By contrast, if the mobile unit is

moving, a decision has to be made on whether an intercell or

an intracell handover has to be initiated. Furthermore, as

handportable mobile telephones are anticipated to be more

35 widely used in future, they may move slowly or stay within a

locality for a long time. However, there is alsc a chance

that the handportable mobile unit is being used on a vehicle.



“2- The assessnent of vehiclé speed can be carried out sinply by nmeasuring
directly through, for exanple, the transm ssion of a notor -vehicle.
However this is unsuited to cellular radiogapplications. 5 As. an
alternative, the vehicle speed may be estimated by nonitoring the Doppler
shift of a carrier frequency. This method requires a stable frequency

standard whi ch ithe®di e sife b Al vhi dY add &bl £n i'ﬁetaéri‘:iéauiﬁeg’ﬁimply
no

gener&¥or is to be ingl udgd i n_each hand_portable unit. 10 . ner .
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Ven o e.  ThEn s HRPLERFPL8PE.i bl e \when operating on iis own. has the 15
di sadvant age of Asedqn rakteenatl vei vehe vehjjcleasperd may hkelegtihated| dgst
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It is an object. o he present ipgventiop_to provide a nethod of deriving a
speed esti n&trf%]rf“{?étlﬁaﬁa‘ﬁa §§E : Pﬂr’éagéﬁl YP&F r adi o network. According to
the preseat invamcther Mtedmmtivevidetoaudd tist elapsedesimsnbed@ethetwo
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produci ng an 1 ndication of variation Tn received signal strength over a
predet er ni néfhifemejthodhavhile feasible when operating on its own, has the
15 disadvantage of requiring a relatively long training time
delay of at least two or more handovers. It cannot adapt to
sudden changes of speed, such as when a user alights or' boards
a vehicle in between handovers. Furthermore, it cannot be
used immediately after +the user 3joins the systen.
20 Consequently, it can only be used as a backup speed estimator.
It is an object of the present invention to p"rovide a -
method of deriving a speed estimation that-can be used in a
cellular radio network. '
According to the present invention there is provided a
25 system for estimating the speed of a body comprising a speed
estimation unit (14-20) having:
a) means for reeceiving a signal strength inﬂica-tion'of a
signal, having periodic spatial variations in signal strength,
broadcast from a stationary point relative to which the speed
30 is to be estimated; and '
b) means (24) for producing an indication of variation in
. received signal strength over a predetermined' period, the
indication being representative of the nature of the speed of
- the body during the said predetermined period. '
35 Also according to the invention there is provided a method
of speed estimation of a body comprising: | _ '
a) receiving a signal, having periodic spatial variations in
8 signal strength, broadcast from a stationary point relative to



i ndi cati on being representative of the nature of "the 'speed of the body
during the said predeterm ned period. 35 Al so according to the
invention there is provided a nethod of Zpeed estinmation of a body
~conprising: a) receiving a signal, having periodic spatial variations in
signal strength, broadcast froma stationary point relative to whi ch the
speed of t hhighiythe speéd eftthat bddyblsptodbei egtdmaitedi;cati on of the
recel ved Siinabrsk@Agid) £ °f ndi BREUBLCIJE r\ﬁ%p% BfveaNe 1y eé&éfﬁégﬁg

the speed fromthe na vari ation of |tu e e recerv
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extends stg)a Ba&Qma%tiQigl @he feifedd CELOM! Bhel ﬁﬁtﬁr&y%tfemdﬁ\&ﬁl%z@tof egfb
one speed esti n unit,as deflned n the When a handport abl e
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both to sl prefietdmsindddpei db@cause of his slow progress. Wen the sane
unit is used in a vehicle travelling at speed it is then largely

only susceptible to slow fading as the fast fading |lasts for a greatly
reduced period resulting fromthe vehicle speed. 10 Thus, the effect of
fast fading as a phenonenon is greatly reduced when the unit is travelling
at speed. In a nobile radio environnent, the fast fading of the received
signal may be as deep as 20 to 30 dB. Likemnse ‘the signal level drop in a
m crocel |l when negotiating a street 15 corner is typically 20 dB. If a

sl ow nmoving nobile unit encounters a .deep fade, only an intracell handover
is required or even no action is needed as the degradation may only be o
t enporary. However, if the nobile unit is negotiating a : W,



corner (although, the rate of the signal drop is spatially 20 |ower than a
fast fade, to a relatively fast noving nobile unit, the tinme taken is

al nost the sane), an inter;_.c:ell or even a mcrocell __to macrocel | handover
may be required. The present invention may use tinE*w ndows as filters
during each of h i | strengt toLte Each 25 w ndow is
of a different %#%tloﬁse%ﬁggg n%é\’/% ’{#éerfdesm):yaot egtgb F2Ai TR TERR ofFOFhd
si gnalkrt r ansoeelliod agr radbovewssemdinawmatatpdedst ons gpeedt lesrtg.udat:.on

average in a #, angerdecgiﬂ/gdlq%wélcfdnﬁser out both the fast and sl ow
f ades. A relativel horter EEI’IO averaging wi ndow will not be able to

30 filter out th@hgnoav n%@p% pleciodkl § tedpphonganidp i keing avweddey
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wi ndow. 5 For art.i r applic t he_opti Ny i ndow. peri,od .can_be
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encounters a deep fade, only an intracell handover is required
or even no action is needed as the degrada'tion may only be
temporary. However, if the mobile unit is negoi:iating a
corner (although the rate of the signal drop is spatially
20 lower than a fast fade, to a relat:_l.vely fast moving mobile
unit,.the time taken is almost the samé), an intercell or even

a microcell to macrocell handover may be required.
The present invention may use time windows as filters
during each of which the signal strength is monitored. Each
25 window is of a different duration. The windows differentiate
\rt the fading i‘ate of the signal transmitted or received at
different speeds. A signal strength average in a long period
window will'filter out both the fast and slow fades. A
relatively shorter period averaglng'WLnGQW'w1ll not be able to
30 filter out the slow fade as effectlvely Thus, the amount of
slow fade filtering will be dependent on the period of the

time-averaging window.



20 applied to an assessnent of the heading of thée nobile unit relative to
the mcrocell base station. The running average / nmedian / rns val ues can
be used to est mate whether the nobile unit is heading towards or away from
the base station by applying linear regression to the running average to
25 deternine I't[‘ﬁeS| @pe texrtihgt heaavemrge decttnmddi n@zﬁ@e ahppesuikk.bhe
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rel ated tOdbh@ﬁM@i’e@%ﬁgﬁﬂﬁﬂtﬂ al part of the linear regression has to
be 35 perforned. is wll. as t gre in. re uc cessin deI

A handover bet #BER §p‘ﬁa éms)“% Wﬁ'}%%e q"@é g%%h E’t’é?‘gﬁ

signal |evelant hbeshseld asn. vvthh craBeEEnental of whetheel Iatdnaumsmnel h.s

handover. 8450 rddion DRk S14W Lo S5 HAGIACCAY RYGERE! hikddben ana

m crocel |'s; Aues t 6 Toni 1 e sign I eve nel r'ing
macrocel baserfexmenses | nQmmm'@#ptioofh@%ﬁwmemﬁsr@etﬁn@esms o#edi ng

m crocel | s pons HleS tri?'meeze&eraw Qasaaaﬁgiebiecbﬂmﬁﬁfcgeébhesygheml n
handover e

t he event tmhat becones necessar unit~I's handed

over to t h&Of Gmlle'bé’?@%tte?ﬁ 3Rbi ﬁe“%%di‘-ﬁlBﬁ§vﬁgﬂ-1ﬁ‘5néitn§°89§r the

anot her basaterFdrtthddhadge and aafgw PA@EGt W2 t rbemlachmhehadﬂke&sd:o
adj acent m rocel | basg stations, %n arder- thﬁ%’:‘et hej:r. naI | evel s_can

moni t or ed, PRESORFRARL gChanT iR, thE FAMS PO ﬁué"fﬁtes fof’“‘?‘ﬁ"é‘%upf’gﬁt
and t hel Sadjsawrlty baThust athenfequeney witilt oihdcth £hal sotdofereangctevelt he

g}‘)b't 'he uni t of QRIS Pa%n Séé‘tfélrhe’éé‘ dd ke A ¢ 621 @bspelgd £R2ENSE
the faster the speed the less s;gnifleant will be the
trans;ent xnterference due to fading.

' The use of a long term averag;ng window ca.n "also be

20 applied to an assessment of the heading ‘of the mobile uait

B relative to the microcell base station The running average
/ median / rms values can be used to estimate whether <:he
mobile unit is heading towards or_away f:om the base stat.ion
by applying linear regression to the rﬁhning average to

25 determine its slope. If the eversge is_&eclining, the slope

' will be negative and the mobile unit can be determined to be

moving away from the base station. Similariy, the heading
towards the base statzon will result in a positive slope of
the running average of received signal strength. /

30 At least part of the linear regression calculation can be
stored in a look-up table as the'saﬁpliﬁg interval on wh:.ch
the averages are based is conveniently kegular. Thus, only
real-time calculation of the va:iable-releted to the average
strength signal part of the linea: regression has to be
performed. This will assist greatly in reducing pricessing
delays
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A handover between a macrocell and a microcell is based on
hysteresis and signal level thresholds as with conventional



15 basi.s of the specific carrier frequency and t he cal cuI at ed grad| ent of
the received signal strength variations for the current and the adjacent
base stations, the mobile unit can determ ne, toward whi ch adjacent base
station it is heading and: AB&N ;NDst appropri ately -='-ng|over when necessary.
20 The nobile _unit nonitors _intensively “the adjacent mcrocell
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Thus, in one partlcul ar formthe 1 nvention_provides a spee
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filtered si ) det the s d_of the bas]
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to e) illustrate si strength vari at:
15 basis of the specific carrier frequency and the calculated
gradient of the received signal strength variations for the
current and the adjacent base stations, the mobile unit can

determine toward which adj acent base station it is heading and

can most appropriately handover when necessary.

20 The mobile. unit monitors intensively the adjacent
microcell base stations in addition to the serving microcell
base station. If the microcell is located at the .bou'ndary of
a parent macrocell the signel level of the adjacent macrocell

. is also arranged to be monitored. _
_ 25 The instructions on which microcell base stations and/or
N~ . macrocell base stations are monitored is dependent on the

. information transmitted from the current serving microcell
base station to the mobile unit when a handover has been
completed. The instructions on monitoring are specific to a

30 particular base station, so that each time a microcell to

. microcell handover is effected a new set of monitoring
instructions are required.
Thus, in one particular form the invention provides a
- speed estimator comprising:
35 (a) means for receiving a signal broadcast from a point
- relative to which the speed of a body is to be estimated;
(b) first filtering means for filter:.ng out a fast fade
component of the transmitted signal;



10 across a distance of several wavelengths for a nobile unit travelling at
various speeds in a cellular radio systeg}S and Figure 2 is a bl ock diagram
of a speed estimator according to the present invention. For the purpose of
handover in a ceI | ul ar radio system 15 there are categories of nobile unit
speeds whi ch be of interest and wll need to be distinguished between.
Exanpl es . of ‘the§@ca’r”@ Bt Lgeninhap82nD) fer WAL ktREL pEc WS "éﬁﬁprf@ame
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pattern) Fﬂrl et LRORLY nmobile wunit, an infinitely long tine
aver agi ng OW IS reéw red to average out the fast fading 25 signal, as a
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remai ns rel static, 'S pOSSI le to In uni
stationary. refereses ©o ghepnecemamgnghérmmas. &n whiche 30

i nst ant aneous Vﬁhgﬁ rard 1t PY:] Ft'é“@')”ﬂléﬁ%&&&%&%'ﬂé@xals HH v SH € Sords @)
to e). The x-coordinate in each_ case represents tie a d the y-cqordi nate

represeh@s aGTRRs anfistadee 19f FoTPERL WRVelEngEhsy 19T e ré‘ﬁPé&@nt‘F‘Ft’gtt he
si gnal | evedrdweXisg aat , vasmﬁst.J.ﬂpeeaerageascenahlhevehd&epegseetned aid by

the dotted |ine The ure 1 |IIu te.fa atternsfor
decr easi ng speegf% o) ol ngbfJ & Y™ ggg% cP as ?/%?‘ q%i“f%? aatﬁfmra}:lr‘b%s a
notional wtwldhgeresent. 1111Vem’ammbe not ed that the variation of the

average signal et: for v Sdopy, sk z 'u!l ge I st r&heu
i nst ant aneous va?¥ iﬁe s%ogffe Unlqwl S J\!rr\ftl)wéngeglﬁ%r 8 r\%idTo asré'e t[g dure
1 (d). 15Ashere npoe | eauﬁgprgpadeél mpbider amids w vh:échl mlllér ikey of

t he aver agqgh+d 4 Jr{dmhll need to be distinguished between. Examples
. of these are 1) stat:.onary, 2) a walking pace of approximately
1 m/s, 3) a slow mobile speed of 5 m/s, and 4) a fast mokile
speed in excess of 5 m/s. The method  according to the
- 20 invention is applicable to any set of speeds, however. Sgml
fadings are generally spatially dependent with fades occurring
every 0.5 wavelength (similar to a standing wave pattern).
For a _stationa_rﬁf mobile unit, an infinitely long time
averaging window is required to average- out the fast fading
25 signal, as a stationary mobile is spatially static and it will
remain at a specific point' on the étanding wave pattern.
Thus, if the inété.n_taneous signal level remains relativasly
static, it is possible to infer that the mobile unit is
. stationary. A series of graphs showing the variation of the
30 instantaneous value and the running average value is shown in
Figures 1 a) to e). The x-coordinate in each case represeats
time and the y-coordinate represents signal amplitude.
In Figure Izl_e) the solid line representing the signaal
level is constant, as is the average signal level represen:ed
35 by the dotted line. The Figures 1 a) to 4) illustrate fad:i.ng
patterns for deére‘asing speedé of mobile unit and associaied
averages for each, across a notional windoy period.
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number of wavelength the mobile unit spans. However, in all

cases, the variations will be smaller than the instantaneous

signal level as averaging has the effect of filtering the fast

20 varying components from the received signal. The variations

| will apﬁroach a steady state when the averaging is across 20

wavelength periods or more. In that situation, the average

will be tracking the slow fading only (long term variation)

and is substéntially independent of the instantaneous signal

_ 25 level. When the average value becomes relatively szwztic (and

&g _ the instantaneous value is varying), we know that a steady
state value has been attained see Figure 1 (a).

At a walking pace, the time to t:averse one wavelength is

about 150 ms. The.time to traverse 20 wavelengths (assuming

30 the wavelength at 1.7 GHz is 0.15 m) is 3s. Thus the window

size to establish a steady average output corresponding to a

speed of walking pace or above is set to 150 ms. When the

mobile unit is increasing in speed, as soon as the average

value from the averaging window approaches a steady state,

25 (the steady state value is independent 6f the instantaneous

signal level variations), we know that the specified speed of

1 m/s has been éttained. or exceeded. To summarise, the

algorithm requires checking on <the variation of the



| nst ant aneous signal level if tne nobile unit is:'stationary. If it is not,

the variance of the average signal |evels is -hen checked. I f the
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| ong-term averagi ng w ndow the tendency of the signal level is useful in
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20 With these averagzng windows, if.the instantaneous value

. is relatively statlc, the mobile unit must be stationary. If
<he instantaneous'signal levels vary and ‘the ‘average value is
static, the corresponnlng speed associated with the window.

- duration must be attalned or exceeded _ ‘;J

25 If the detectlon of more than one speed is implemented,
the output of the other speed detectlon modules (higher speeds
and lower speeds) can serve as conflrmatlon of the current
speed. Each stage o3+ ov;des the information on whether the
mobile unit is above or below the speclflc speed ‘based on the

30 variance of the averaoe s;gnal,

From the long-tern averaglng wzndow the tendency of the
‘signal level is useful 1n determlnang the heading of the
,-xob:Lle unit relative to the nu.crocell ‘base statiou. The
"zunning average p;oduced by the speed,estlmator_may be used to
estimate the chanée of speedlfo:ia mobile unit. The simplest
approach is to 'monito:. the .average signal 1levels for =z
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suffici ently long period-of tine.( b-l;ock of runni ng aver ages) and deci de

the underlying trend of the val ueg? "A nunber: .of algorithms can be applied
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val ue is fedai digartall dloxmo ial |an renaboneay tar-digittall 4converter 12 (ADC).
The sampling rate of the ADC 12 is determined by the averaging

window duration for the highest required speed. If the
highest speed to be determined is 40 m/s and 100 samples are '

20 required to determine a running average, a sampling rate of

i.7 kHz is reguired (i.e. 100 samples per 60 ms). A rounded

sampling rate of 2 kHz may be applied.

In Figure 2, the digital data train from the ADC 12 is fed

in parallel to a number of speed detection modules comprising

25 averaging units 14 to 20 each with an averaging window of a

\ different duration (1, nl, n2, n3 etc.). The output from each
of the averaging windows is input in blocks via an

' average-value-buiffer 26 'im:o a variance calculator 28 before

being fed to speed deeision logic 30. '

30 The averaging unit 14 with a window of 1 sample is

~ equivalent to the instantaneous signal level. A running
average carf then be caiculated at each clock cycle where a new
sampled value is fed in parallel to all the averaging units 14

to 22. The estimator will not be operational until all the

35 averaging units and the buffers 26 are filled with samples.
Thus, the time delay for the system to be operational is
equavalent to the size of the largest averaging window (n3)
pius the average~value-buffer size. The size of the buffer 26



to 22. The estimator will not be operational until all the 35 averagi ng
units and the buffers 26 are filled with sanples. Thus, the tinme delay for
the systemto be operational is equival{dat~to the size of the |argest
averagi ng wi ndow (n3) plus the average-val ue-buffer size. The size of the
buffer 26 - 11- is usually small, eg 10 sanples. Thus, the majority of
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it is pos dgsgr the values in the average val ue buffers 26 to be polled
and manlp ate y software to derive eifher a snrsle majority logic vote

or thel@nder| $Pnd acremens-decRament; ifaqi Rg ( RICLPAEPFE hfh 138 &EXTERSIRR f or
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to return either a maj o::-.ty logie vote for the underly: ng
trend or the slope of the least square curve fit.

15 To assess whether a monitored mobile unit is increasing or
decreasing in qu_éd'it is’- possible for the values in the
average value- buffers 26 to be polled and manipulated by
software to derive either a s_-'i'mple majority _logic vote or the
underlying trend or a more s_éphj.’s-ticaite&' élgotithm based c¢n,

20 for example, a least square curve fit.
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signal, having periodic spatial varlailon“ﬁln 5|gnal stréﬁﬁfﬁ' ‘br oadcast
froma stationary point relative:t:d whi'ch the speed is to ﬂmﬂfmumllﬂmuﬁm
b) neans (24) for producing an indication oiﬂiarlatlon i n

strength over a predeterm ned period, the i cation being Fep?e§entat|ve :
of the nature of the speed of the body during the said predetermn ned

period. 2. A systemas claiged in claiml in whigh. the means for producing

an indi:cation of the variatden in receive f;rength conpri se
accunulatlng means " ( 24) arranged to produce a curufati ve indication of the
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a variance cal cul for calculating the varrance in the receive
signal. 6. A s&%tg g? essimedettn @Pgim 4 or 5, including decision neans

(30) for estirm}ingethe Sgeed ﬁértbeoaedxngn atthe.l.:m?ﬁéétpéntaﬁ YaRUEi¥n in
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SY nal strengt% ébggg‘§35§8§1gégc %%ﬁeareﬁe§ﬁ§m6P3§|8Pﬁé° “to 7, including

an >

2. A system as claimed in claim 1 in which the means for
producing an indication of the variation in received signal
strength comprise accumulating means (24) arranged to produce
a cumulative indication of the received signal strength over
the said predetermined period.

3. A system as claimed in claim 2 in which the accumulating
means produce an average of the received signal strength over
- the said period. |

4. A system as claimed in Claim 1, 2, or 3 including a
plurality of speed estimation unitsf each having means for

) producing an indication of the received signal strength in
which the said predetermined period is of a different
duration.

5. A system as claimed in claim 4 in whic.h each speed
estimation unit further comprises a variance calculator (28)
for calculating the variance in the received signal.

6. A system as claimed in claim 4 or 5, including decision
means (30) for estimating the speed of the body on the basis
of the output of each of the speed estimating units.



anal ogue to digital converter for converting the recei ved Si naI
Indication into a digital signal. 9. A systemas cl ai m‘mﬂi t‘} ﬂﬁeng
claimin which the or each predeterm period corre

taken for the body to traverse a distance equivalent to " re(‘:let erm ned,
mul tiple, for exanple 20, of wavel engths of the frequency of t he received

signal at pant ig Y. £scLhfhded t8 an
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stationar yred:éxvédsyitg@mlast(nemgm in claim1l0 wherein the test neans is

abl e to neasure an instantaneous signal strength received at the body over

a period substantially shorter than the said Eredeterm ned period and if
t he instanBanedusystgmapessclarger dneanyhp$ sheimer 1p&pi dd Lociuddiman@inal |y

equal 'to tPgashgnal @csramg&k&aﬁveéow@r@éﬁdw %%%Pﬁih@dtﬂé) 8@%9%%

that.- the body 1§ stationary. 13. A systemas clained in ¢laim 10 wherein
the test n’éhﬁ§alL§tESPStf‘olﬁé~&§GFé°é‘ AR @W%r&’cﬁ%ﬂ#-\/e i nst ant aneous
signal strengths and if these are all substantially equal, to | ndi cat e t hat

the body ig station . 4, A nethod of ed esti mation. a body
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speed frommeheipheur §oof _ewampéteu @9, ofoft mavelengths of the frequency of
the received _signal_ at a particular speed.

10. A system as claimed in ‘any preceding claim furtier
comprising test means for determining whether the body is
stationary. '

11. A syste_m"_a's claimed in claim 10 wherein the test means is
able to compare an instantaneous signal strength received at
the body with the received signal st'rength over the s&id
predetermined period and if these values are substantially
' equal' to indicate that tne body is stationary.

12. A system as claimed in claim 10 wherein the test means is

‘able to measure an instantaneous signal strength received at

the body over a period substantially shorter than the said
predetermined period and if the ;nstantaneous signal st:ength

over this shorter period ie substantially equal to the signal

strength over the predetefnined_period,'to indicate that the

bedy is stationary;

13. A system as claimed in cla:.m 10 wherein the test means is
able to measure a plural:.ty of consecutive instantaneo is
signal strengths and if these are all substantially equal, o
indicate that the body is stationary.
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arrpl [ tude of the recei ved Si gnal strengt hs. over the sai d Tredeterm ned
|

period. 15. A method as clained i'd ¢hai m 14 n.which the Eﬂwmm”mu”m

recei ved signal strength is produced by accunul ating the
strength over the said period. 16. A ﬁEThOqus_C|alﬁEd i'n clai m15 " nSwhtch
the accunul ated signal strength is averaged. 17. A nmethod as clained in

claim,«4, 15 or 16 |nclud|na.£onpar|ng t he var the signal strengths
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A &t hod as ceaemgdu ﬁisnéllrrsz;emt\nhumrt ¥he said period

16. A method as claimed in claim 15 in which the accumulated
signal strength is 'aVeraged.'

17. A method as. claimed in claim 14, 15 or 16 including
comparing the varianee_ of the signal strengths received over
a plurality of predetermined periods, and estimating the speed
of the body based on the degree of variation between the
received signal strength values. |

18. A method as cla:.med in any of claims 14 to 17 in wh:.ch the
\_s ' signal strength indication is derived from a received analogue
signal which is first converted into a digital signal.

19. A method as claimed in any of claims 14 to 18 in which the
signal strength ‘indication is taken across a predetermined
period which is the time taken to traverse a distance
equivalent to a predetermined multiple, for 'exarhple 20, of
wévelengths of the frequency of the received signal at a
particular speed.

20. A method as claimed in any of claims 14 to 19 in which a
plurality of signal strength indications are produced, each
over a predetermined period of a different.duration.



conprises neasuring an instantaneous signal strength'recej -

over a period substantially shorter than the said predet ehmmawﬂlﬂjﬂm
i nst ant aneous signal strength over ThisliSherter period is na *
equal to the signal strength over the predeterm ned period, indicating that
the body is stationary. 24. A nethod as clainmed in claim21 in which the
te3t conpriise Meshibd Ngs acPhimedi L &hyCORSBLHLMEE 14NTbaRbAROYAH TNl
strengt hs an% i.f these are all sqgstantjarl% e€$a1 éndlcatin% t hat t hes
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receiving a signal broadcast froma point relative to which the speed of a
body is tg,be estigrted; (b) .{i filter] s ;for_filterin ut_.a

f ast fade%génp%nyr?{ﬁooﬁjt ﬁ% t?%#s‘?‘ng?‘t e%ﬁsiad'%n{;m?g) %éoo%%#%lt@?n Fdans
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signal s. strength over the said predetermined period and if thase

values are substantiélly equal, indicating that the body is

stationary.

23. A method as claimed in claim 21 in which the test
comprises_measu:ing an instantaneous signal strength received
at the body over a period substantié;ly shorter than the said (W
predetermined and if the instantaneous signal'strength over
this shorter period is substantially equal to the signal
strength over the predetermined period, indicating that the
body is stationary.

24. A method as-_claimed in claim 21 in which the test )
comprises measuring a plurality of consecutive instantaneoﬁs
signal strengths'and if these are all substantially equal,
indicating that the body is stationary.

25. A speed estimator comprising:

(a) means for receiving a signal broadcast £from a point
relative to which the speed of a body is to be estimated;
(b) first filtering means for filtering out a fast fade
component of the transﬁitted signal;

(c) second filtering means for filtering out the fast-and a
slow fade component of the transmitted signal; and

(d) means for comparing the filtered signals to determiné tle
speed of the body on the bésis of the comparison of the two
filtered signals.




