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PCT/ | BOSWO@EME3SS “"A wireless digital comunication syBCHmBISOREi o
apparatus, a digital speaker, and a digital speaker controlling

appar at us" _ 1The present invention relates to a
wi rel ess digital communi cation system conprising a radi o apparatus

havi ng®" Atwireless: digital communigatiomsystens,i agidio apparatus; a fdigital speaker, and awdigital i s
coupled to the a tennas V'q an antenna sel ection switching arrangenent, and .
havingﬂ*d%’ PRRATMBRt r ol | i ng arrangenment for diversity controlling
the antenna switching 5 arrangenent on the basis of at |east one neasured
reception paraneter. Such a wireless digital communi cati on system can
be any system.in which antenna diversity switching is - applied for
conbatting fading inter alia, such as with indoor transm ssion of high
frequency signal s whereby radio signals are reflected by objects, or

any other indoor or -y inventifh rélafed th al witdles bATREG bystehi ©
signals transmtted in the comunication system 10 can be data si g}nal S,

di gltMﬂWWWﬂdﬂdﬁMWﬂdamﬂemm&omm The

g;gtsgnt vent i t{‘é\‘er r el at es to a raal 0. a[) arat us for use.in G#Ch a
255?;‘;‘”53?01&% above K1 m%\’\%r ?ygr%ﬁy%h&%‘%g&ropean wgf\géi ?Qat i on
EP § 4&ctarigementiondhe basis bRt least-oneDneasyred reveptionpasameter. Such a wireless
digital communication system can be any system in which antenna dxvetsxty switching is
applied for combatting fading inter alia, such as with indoor transmission of high frequency:
signals whereby radio signals are reflected by objects, or any other indoor or outdoor
multipath transmission environment. The signals transmitted in the communication system
10 can be data signals, digital audio signals or digital video signals.
The present invention further relates to a radio apparatus for use in such a
system, and to a digital speaker, and a digital speaker controlling apparatus.

15 : A wireless digital communication system of the above kmdlsknown from
the European Patent Application EP 0 454 585. Herein, a TDM (Txme Division Multiplex)
digital communication system is described in which antenna selection diversity is applied for
overcoming fading with radio communication. In the known TDM system signals from a

. plurality of antennas are fed to a single receiver front-end and a diversity switch switches the

20 antenna with the best received signal to the receiver front-end on the basis of signal-to-noise
measurements. In the known TDM system, such measurements are.carried out just before.
reception in a time siot assigned to the radio apparatus, and both the signal levels and the
slopes of the signal levels are determined so as to predict the received signals at the antennas
during the assigned time slot and to switch the antenna with the best predicted signal to the

25 receiver front-end. In the known digital communication system, which is a mobile telephony
system, for instance, no antenna diversity measurements are carried out during the reception
of digital signals in the assigned time slot. In fact, there is no need for doing so because
enough time is available for such measurement outside the assigned time siot. Thus,. when a
strong fading condition occurs on the current antenna during reception of digital signals in



di gital communication systemis described in which antenna sel ection

di ver sW§9¢/8238ppl i ed for overcom ng fading with radiPCIIBYSMGE06AL | ON.
In the known TDM system signals froma plurality of antennas are fed
to a single receiver front-end and a dRversity switch switches the 20
antenna with the best received signal to the receiver front-end on the
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the assigned tinme slot and there would be a bet ter antenna, such a
cd@dition is not notified. - On the other ‘hand, with a single receiver -

front-end, peeking to a sjgnal ot her, ant ennas than_at the_current
recei ving antenna 9@31"\,?%@3 Qreseat inveption, to.provide 3 wageless digitalo | ¢

i ncur SFfthé S é‘ﬁf?"ﬁ#ﬁﬁfﬁ ng is
not f‘rx;elgﬂof costgydtéiﬁ mraggveaﬁ?gn#a&gﬁl avgﬁ%ee sel ec e%h%}f’e still -
dat a switching canibe icarried wuthiring recepsioneof useful data; evhereby=substantialiyrno dossafk t o

t he c#éa%gé ﬁntenna In case of receiving high quality digital audi o
si gna as CD-signals (Conpact Disk), or the l'ike, loss of data vvoul d
result in Totlnsmdﬂxewxrelesscommumuonsystemaccordmgmthepresent

invention is characterised in that the radio apparatus comprises an error correction decoder
which is coupled to the receiver front-end, and that the diversity controlling arrangement is
arranged for carrymg out a search for a better antenna or antenna combination substantially
within an error correction capability of the error correction decoder. The present invention is

20 based upon the insight that the error correction decoder has the capability that it can correct
data over a predetermined time period that no data are received. According to the present
invention, this time period is used for peeking to signals on antennas other than the current
receiving antenna. Preferably, the digital signals are received as a continuous stream of data.
Such a condition occurs if the system is a dedicated system for communicating high quality

25 high rate audio or video data, or the like, in a wireless LAN (Local Area Network), or in a

- wireless digital speaker system. In such systems, the advantages of the present invention are

most stnkmg i.e. substantially without loss of data, optimal reception conditions are
guaranteeddunngrecepuonofuseﬂnslgnals.lnmofdxgmlvxdeosxgnals these signals -
may be compressed, using a compression algonthm.hke MPEG-1 (Movmg Picture Expert

30 Group). - | |

) In an embodiment of a wireless communication system awordmg to the

present invention, a searchmg frequency of the search is adapnve to an overall recepuon

condition of signals received by the antennas. Herewith, the system can be made less prone

10 searching disturbances caused by antenna switching.



‘audi bl e CICkS and |nterrupts in the recelved and decoded signal as supplied

to a |iswemen2ass 10 It is an obj ecPCBABISHESGSr esent
invention to provide a wireless di gl taI conmmuni cati on system of the
‘above kind, in which antenna diversity Beasurenents and swi tching can
be carried out during reception of usefu data, whereby substantially no
loss of - data OCmJii‘unﬁ&embodxmemofawdesswmmmesystemmus
conmmuni on system accor di ng t'gthe present invention, har acteri.sed
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current receiving antenna. Preferably, the digital signals are
receiv mt!ﬂbb stream of dat a. Such a condition occurs if
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t he advant ages of the pres nt i nyention are nost stri ki
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guar ant I 13 Q0
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si gnal s conpressed, using a conpre55|on
al gor i tpoorisignal béeftion cudmaymwnhe mpenmeabembipg uency had been

pr ceentdRcFRAseiL ThiS in based upon a@ewﬁ%&h@? P, o it A Eltrihe Bshiapcs
IC—)é(ra(ia%:AI !{Whe Syst sghs%egla gﬁ%@g | ess pﬁghﬁﬁ%ﬁ %s%ﬂ?ngnésg?ﬁfbances
caused by antenna swiRurthiengmbodiments are claimed in the dependent claims. Itxs
advantageous to apply a combined detection criterion, depending on the reception conditions |
at the current antenna. When receiving a strong signal, field strength measurements are
preferred because of such measurements allow forafastdecxsxononantennapexformanee
20 With poorer signal conditions, a determined bit-error-rate as determined from an output
signal of the decoder is applied as an antenna signal quahty measure, although bit-error-rate
determination is an inherently slow mechanism. Thresholds for swnchmg over to field
strength measurement or to bit-error-rate determination are chosen appropriately. Herewith,
an optimum quality determination strategy can be chosen.
25 A preferred application of the wireless communication system accordmg
' to the present invention is that the system is a digital speaker system in which a central
digital speaker controlling apparatus transmits high quality high data rate digital audio signals
to at léast one digital speaker comprising a radio apparatus according to the present invention
and an amplifier coupled to the radio apparatus. Herewith, a fully wireless audio system is
30 achieved in which the digital speakers can be put into different rooms within a building
without the need of cumbersome and costly cabling. The digital radio apparatus and the
antennas may be built-in in the digital speaker, or may be a separate unit connected to the
digital speaker by wire. The radio transmitter may be built-in in the digital speaker
controlling arrangement, or may be a separate unit. An application having similar advantages
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In a further- enbodi nent of a wireless comuication system according to -
the present invention, the searching 4requency is decreased when
continuously no better antenna or antenna conbination is found.

Her eisia Wirelesse LAN over which dqsa arectramsmitted athigh\speed. In suthian high idatzerdtaipon
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decr sing the searching frequency, the. system I s di sturbed by

searching di sturbances to a.less extent. The searching frequency can be
V\ﬁcr ased exponentially. In a further enbodi nent of a
rel ess digital communication system 10 <according to the present

i nvention, the SGMMMWW&WGWW%W- withxi mum
frequency when the overall receptlon condition is representatlve for ‘a

conpteferenge to themmmm drawings; \Wwherein, better antenna or ~antenna

conmbination is fo condi tion

V\/ni |l e at the saneﬁghgwgﬁp%s rvé‘ﬁﬁﬁ @%ﬁg&wﬁ%ﬁ ased This
bﬁfhﬂ% iifivéntioRkat it does not matr that searching disturbance
woul d

egr ade system performance once the signal is conpletely |ost.
mrther enbodi nentfga? shews anappamtusti readio rRRSmitter pecording to the

advant agequs apply a conbined detection criterion, depending on the -
recmmfons ‘at the current antenna When receiving a strong ‘
signal, field strepig! B shows ardipitdliradiorapparatus dtcording fyltheasressnt itVention, |
measurenents al l ow for a fast_decisigon on antenna perfomance 20 Wth

poorer signal condiigi $shows asfigital speaker geeording gp-the preseat iavention,ned from an

meacure, al though TRL 3 %?%WW%&%W%@ el ow

1§ c hinveation, Thr eshol ds for switching over to field
Fig. 6 shows a driver circuit for an antenna switching anangemem_
according to the present invention, '
Fig. 7showsammngdxagramxllustranngopmmnoftheanma
switching arrangement according to the present invention, -
20 _ Fig. Sshowsaﬁeldsuengﬂlvoltageadapmrmmtamrdmgtothe
present invention, and . : .
Fig. 9 shows a ﬂow-chart for ﬂlustranng antenna diversity sthchmg
. awordmgtothepruentmventlon._
nroughouttheﬁguresﬂxesamerefmcenumeralsareusedforthesame
25 features.

~ Fig. 1 schematically shows a wireless digital communication' system 1
according to the present invention, comprising a transmitting apparatus 2 for transmitting a
30 digital radio signal ds to radio apparatuses 3 and 4. The digital radio signal may be subject to
fading conditions. Such fading conditions occur when the radio apparatuses 3 and receive
both the digital radio signal ds and a reflected digital radio signal ds’ as reflected by a
moving object S, for instance. Such a situation readily occur indoors, for a slowly moving
human being as the object 5. Each time the signals ds and ds’ differ half the transmitted



Strength rreasurerrent or to bit-error- rate deternination are chosen
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be chosen. 25 ~ A preferred application of the wirel ess
‘communi cati on system accordi ng to She present invention is that the
systemis a digital speaker systemin which a central di gital speaker
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a wir elapteonasyale ads angha3antiad %ﬁr’énﬂr’émmw&?’h‘ﬁbgm&éh‘ %M‘P an
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as ) CQyitedn,) aUwireless BAN (lodltarea network), an indoor wireless eompumnetwoﬂsmt
i nvention will now be described, b of exa .reference to
t he acovinglessdigiialheadphone smeqrrﬁ:ew or any ogpe)r ngn\ﬁ comm systemi.
According to the present invention, the digital radio signal ds is provided with redundant data
_ soastoallowtheradioapparatuses3and4toapp1yerrorcorrecﬁdnafterdemodulationof |
' the digital radio signal. The modulation technique applied can be any suitable one such as

15 FSK (Frequency Shift Keying), MSK (Minimum Shift Keying), or the like. Preferably, the
transmitted digital radio signal conveys 'high-qua'lity digital audio signals with CD-quality
(Compact Disk), compressed video signals, notably signals for Multi-Media applications.
CD-quality signals typically have a 90 dB signal-to-noise ratio. Preferably, a freely available
frequency band is applied such as the 900 MHz band in the USA (United States of America),

- 20 or the 5.6 GHz band in Europe. A low data rate narrow bandwidth on a low frequency -
carrier can be applied for conveying backward control information bc. Also, a low data rate
forward control channel can be applied. Then, the radio apparatuses 3and 4 are provxded
with a low cost transmitter (to be described in the sequel) to the transmitting apparatus 2
which for this purpose comprises a receiver for receiving the backward control information

25 be. The transmittihg apparatus 2 then is a digital speaker controlling apparatus.

' | | Fig. 2 shows an apparatus 10 according to the present invention including
a radio transmitter 11. The apparatus 10 is a digital speaker controlling apparatus comprising
a source selector 12 having three inputs, for CD (Compact Disk), for DCC (Digital Compact
Cassette), and DSR (Digital Satellite Radio) digital information, respectively, which is -

30 coupled to an ADIC (Analog Digital Input Circuit) 13 which converts digital audio signals in
accordance with the well-known IEC/EBU standards into an equivalent binary value of data
and control bits. Such an ADIC 13 is an IC (Integrated Circuit). type SAA7274, which is
readily available onto the market. An output signal of the ADIC 13 is a serial digital audio
signal which conforms the so-called I°S format, a well-known serial bus. For control:




Fig. 1 schematically shows a wireless digital comunication system

accor diwgtoer23dshe present invention, 10 PCTIIBSs/00806 NOVWS an
apparatus including a radio transmtter according to the pr esent

i nventi on, Figg 3 shows a digital radio appar at us
according to the present invention, Fig. 4 shows a
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1 scEemat icall'y shows gm ess d| gita cormunFclamt | onn““sayns“?em’iTmm"‘m‘i
accofol CD applichtions: denmtmﬂupmentmmhenmwh Ch:likerinformagionipar at us 2

fl'ﬁre iransm tltl "{4}‘8 ﬂ E ra.dl Ojéfﬁﬁoﬂnk.t'&%adl 0. aggarat useg 3 apd 4.
i WW@%W ipificd 164 RIS SRl el 1 X Bk apparand ' "
r ef | baving absingle receiverwasi will b described m&emndampr&mhmhowEWreadl I ‘
£ o opsE i it B eckufli bn f et anpenng K55 be dicibped for s tind periodin "
thcordetofafewmsecforpeehngmoﬂmantennasmasmuymﬁndabeuermepm
antenna, within the efror correction capability ofaCIRCIEFMdecodet Thepnncxplﬁ_of
15 error correction are described in more detail on pp. 247-254 of said handbook, and in Fig.
7.19 on page 253 of said handbook, the performance of the CIRC code is described for
several decoding strategies. The apparatus 10 further comprises a CIRC/EFM ericoder 15
which is coupled at input side to the multiplier circuit 14 and at output side to the radio
transmitter 11 via a lowpass filter 16. For receiving backward control information such as
20 control information from a remote control unit (not shown) controlling digital speakers, the -
| apparatuswcompnwsarewverﬂandademodulatorm Such control information is
mavedmanantenmaSmawm-szrequencyband The apparatus lomnhereompnsas
a microcontroller 19 for-controllmg the encoder 15, the transm_nter- 11, and the demodulator
18. _ 5
25 F1g.3showsﬂ1ed1g1talradnoapparams3aecordmgtoﬂlepresent
invention, comprising an antenna sthchmg arrangement 30 which is coupled to a single
receiver front-end 31. According to the present invention, the radto apparatus 3 comprises a
ClRCIEFMerrorcorrechondeeoder& whxchxscoupledtotherecewu front-end 31 viga
lowpass filter 33. Such a error correction decoder 32 mbemlC-typeSAAms which is
30 described in the Philips Data Handbook *Semiconductors for Radio and Audio Systems®,
Book ICla, pp. 405-435, May 1992. The radio apparatus-3 further comprises a programmed -
mxcrocontroller 34 having RAM and ROM and llo-mterfam as usual (not ‘described in
detail) so as to control the recelver front-end 31 and the error correction decoder 32. The
receiver front-end provides a field strength signal FS to the microcontroller 34 vig a voltage
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Wwavel ength when arriving at the radi o apparatus 3, the superposed received
signal fades away because of signal 7cancel | ation. For a 900 MHz.
wavel ength many canel | ation p05|t|ons per square-nmeter exi st Wthout
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(Friuafcy Shift Keyi ng) MBK (M ni mum Shift Keying), or the |ike.
Preferably, the mtte | t nal Ity
di gital audi o signal E‘EM g‘ﬂ%f?éiﬂ' &?MM% %‘Mwa deo
S 0nal Secdiaiiioind phiahe il £ORirihef bompfises a subtfabtoR ¢ivcuit)é]
signal s"typrCal'ly have a dB SIC% | -to-noise ratio. Preferably, a freely
‘avai | alwhich subtrdcts-control from ske decoded:and perop gorrested eﬁm
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forg 0 GJEX@ ?ﬁﬁiﬁdno iﬂ@d?pli&lb th® Subtrake? 410! odigital soundt e '
forv%r control' ann can be applied ghen t he radi o apparatuses 3 and 4
are prqwomﬂbrﬂtowhlchtheaudmmfonnanonuxsfed The digital sound processor 43

-provxdesanaudwmgnaltoaspeaker“masenaarrangementofadxgﬂal—to—analog
converter 45, a volume control arrangement 46, and a power amplifier 47. For providing
backward information to the apparatus 10, the digital speaker 40 comprises an infra-red
20 receiving arrangement or so-called IR-eye 48 which receives infra-red signals from an infra-
red transmitting arrangement comprised in a remote control unit 49,
| Fig. 5 shows the antenna switching arrangement 30 according to the
present invention to which switching control signals ctl, ct2, and ct3 can be supplied. The
antenna switching arrangement provides an RF-signal RF to the single receiver front-end 31,
25 the RF-signal RF being a signal received by one of the antennas al, a2, and a3, or being 2
combined signal from the antennas al, a2, and a3. Each antenna can be switched by a diode
switch. The diode switches comprise diodes D1, D2, and D3, diodes D4, D5, and D, and
* diodes D7, D8, and D9, respectively, and further inductors L1 and L2, L3 and L4, and LS
and L6, and resistors R1 and R2, R3 and R4, and RS and R6, respectively. A common
30 output terminal 50 is connected to.ground via an LR-series-arrangement formed by an
inductor L7 and a resistor R7. -
| ' Fig. 6 shows the driver circuit 36 for the antenna switching arrangement
30 accordmg to the present invention, to which a switching pulse SP is fed. The switching
pulse SP is supplied to a clock input CLK of a presettable counter circuit 60. Such a counter
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15 microcontroller 34_1mhatespeehng;toabetterantenna. Someselected antenna combinations

are indicated above the switching pulses SP. Further combinations follow from the operation
of the binary counter 60. ' '
Fxg. 8 showstheﬁeldsnmgthvoltageadaptorcxrcuul’os according to the
present invention. The adapter circuit 35 comprises a two-stage differential amplifier circuit
.20 formedbydxffermualamphﬁm80and81.1‘hemeasuredﬁeldstrmgthl’5:sfedma
positive input terminal of the differential amplifier 80 via a coupling network formed by an
inductor L8, a capacitor C1, and resistors R10 and R11. Furthermore, adjustment resistors
RI12, R13, R4, RIS, R16, and R17 are shown. The differential amplifier 81 is coupled at
output side to the programmed microcontroller 34. An error flag EF from the error

25 correction decoder 32 is supplied to the microcontroller 34: The toggling frequency of the
error flag EF is a measure for the bit error rate BER in the decoded signal. The.
microcontroller 34 determines the toggling frequency of the error ﬂag as a measure for the
bit error rate BER. On page 417 of said Data Handbook in which the decoder of IC-type
SAA7345 is described in detail, the error correction capability of the decoder is described. A

30 so-called CFLG pin of the IC SAA7345 quickly provides very detailed error-messages. The.
microcontroller 34 will read the error messages when the error flag is detected. Peeking to
other antennas interrupting signal decoding should substantially be kept within the error
correction capability of the decoder because otherwise data would be lost. The algorithm for
antenna switching, applying both the error flag EF or bit error rate BER, will be described




transnmitted to the radio apparatus by neans of .a radio link. Th error
correctiwoygsppsds | ity of 10 such € RC EFM.digital signal SP@/IBMW for
Aachi eving antenna diversity in a radi o apparatus having a single
receiver as will be described in the segel. The present inventon is based
upon the insight that reception on a current antenna can be interrupted for

ati mg@‘?@%w the order of a few nsec for peekl ng to other

ant enn otry-to find: a better reception. . .antenna, within th
error correction capa:?mmwiammwmmmmmkwmw
error correction are described in nore.detail 247-254 of said __ .
handboecording 1 .xgesent avetion, /5 st it Yoo g N saéms'No'

Dol o sl £ iy bl B et s s B0 ot 640

Wh:jCS] me%qwhgdmﬁdwaﬁty aaddhattﬁhesdmtmdaslcmt:ersmppedjm ad fo aclﬂe\tdthetlieuut
side to the, radi transpitter a a l.owpass,  filter 16. For
recei viTeerPSioR maaﬂl% g‘i ’H'FF’; Md?r%ﬁ‘?‘bn from

- apparat CO r SES a I’ECEI ver and a aeno tora€ UC control .

i nfor Wmummmn&nmmmmmﬂﬁnmmwmm band
The appar at us 10 furt e ri ses. wc ntroIIe,r 19 f.or

cont rolﬁ'ﬂi’gn?h %mw meévbad

aCCOI’dI ng F Eﬁ pr esent I n\/ent 1 on, HEI’I gl nd an a”t enna sw t chi ng
arr angmmmmmmmmpam aomMng of the peaking: frequency-ie ddn& 1.

éICCRC/mCéI n% to Ime Hﬁeser%ﬁé‘ﬂve%% Mﬁ%gﬁﬁﬁgatu E gﬂprl ses a

front- e‘gﬁcﬁ GV a6 b?w& der
32 can be an F%thp 7345 WhIChIS 30 descri be |nthe Ph||| ta
Handbodhgh frequencysbecanserthil could) make diverall zeception even worse.o

405; 435 1992 'Ehe r ad par at us urther c roar

i ch oo AL ARRBE, fkﬁnﬁsmmm ﬁ#@&ibemé’ag?w?n“ﬁ?
descri ifidolddr 32 is alflid Id:)i Bﬁﬁﬁﬁtﬁﬂmiﬁ'%fe&%?

the error correction eco er 32 receiver front-end prOV|des a

field sfromraymaxisnymepeekipgtioterval ofi1rmses, therpeekinglintarval could be inpseased to a
fewhundredmsec,fromlOmsectoZOmsec,_ﬂxenfromZOmsectomec,andsoon.
When the signal is completely lost, the peeking frequency is set to the maximum MAX

20 because then it is of no interest that peeking disturbs signal decoding. In block B2 the field
strength FS at the current antenna is measured. In block B3 the field strength is tested. If the
field strength is above a given threshold value THI, it is tested in block B4 if a field strength
difference AFS of two consecutive measurements is positive. If no, field strength
measurement at the current antenna is repeated. If yes, in block BS the microcontroller 34

25 :mhatespeehngtomeoﬂxeranwnna.InblockBﬁltxstestedxfthxsotherantennaxsbetterIf
yes, in block B7 the antennas are swapped, i.e. the other antenna becomes the current
antenna from which the signal is demodulated and decoded. If no, in block B6A, the peeking
frequency PF is decreased to MIN. If in the block B3 the measured field strength FS is
below the threshold value TH1, the microcontroller switches to bit error rate testing. In

30 block B8 the bit error rate BER on the current antenna is determined. In block B9 it is tested
ifﬂxebiterrorrateBERisaboveagivenﬂuesholdvalueTm.Ifno,theradioapparamSS
isina recepnon condition of a completely lost signal, and after having increased the peeking
frequency PF to the maximum MAX in block B10, the microcontroller 34 peeks to another
antenna in block B12. If yes, in block B11 it is tested if the determined bit error rate exceeds
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adapter circuit 35. The adapter .circuit 35 is used for zoomng' die field ¢
strength measur ement vol tage-at aldin voltage range so as to

I ncrease the dynam c range of t he neasurenent because neither too high

nor ta)glvbm\aebbxvctmagatem&ee gsBES #n1Qt.dfmp, Measurement/determination bmths4

oo et eRCH Bakfad yis s SRE RenRl b M MAK wbiohk A BB eh o

dri vepe 516&‘812 thie microcbnitiolies 34 ifitiatis PeEking Wb the bikiér ahteAndl CTHE, 113(310&0

suppl |ng backwar d control |nforrrat|on to the apparatus ‘10, the radio

appar ig testadoif ithe other gnignna is bestereJf wsmahlqck@ rantespasare swapped.ch i s
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i a aw , BnbkekB1E) the Peeking frequ PP:sstepwxsemd?&ﬂed’%o&li@WS a
digita speakeryuzfo whi ch, conpr.i.ses ig??am apparatus_3 - according to

the pRexiawm MAXAtimest. #ro,dphieek B1Y, therpesking & gFés Stepwisect or

o1 i o, WP AP oA R Vst BEV felfip o

supp! fr@fbeh€y PFyias tiee casermay be, the microuontrolles 34 iépeattilijt nbr dbtenmination of0.
Audi o |nformat|on Al i.s. supplied by the subtra,cter 41 to a digital sound
anjenps. CNhemmoge 129 TWG RAAIS G

(IJ
()u

plGcdbe g moaas & f"fs‘bund
Qifé%éﬁtﬁé‘%amaﬂéw Phllad oo %W@E@&% hebedt it
arrar&wtna%mbimhon ﬂwmﬁ:aﬂmsem tevpetking frequenty ekm/bed

:m:ermatlon t? pparéiéjs 10, taI speaker 4%%;% ves
n o SRR SR IR ﬂ%ﬂ*f&‘sr %‘mﬂz mﬁ*‘mﬁ‘mé@"’ PR e

als enneasnmmuitmab:m&egumntnmmnmdvahy.to t he present i nvention to

whi ch switching control signals ctl, ct2, and ct3 can be supplied. The
antenna sw tching arrangenent provi des ‘an RF-si gnal RF to the single : -
receiver front-end 31, ° _ : -



25 the RF-si ghal RF being a signal received by one of the antennas al, a2,

and a3, WO 928585 a conbi ned signal fromthe antennas RCIIRS/00806 a3.
[Fach antenna can be switched by a diode switch. The di ode switches
conprise diodes D1, D2, and D3, diodes D#, D5, and D6, and di odes Dv,

D8, and D9, respectively, and further inductors L1 and L2, L3 and L4, and
L5 ;nggpu56 and resistors Rl and- R2, R3 and R4, -and R5 and RG, :
respectively. A conmon 30 out put termnal 50 is connected to ground via an
LR-seri es-arrangenent formed by an i nductor L7 and a resistor R7.

Fig. 6 shows the driver circuit 36 for the antenna sw tching arrangenent.
30 according to the present invention, to which a swtching pulse SP is
fed. The swi'tching pul se SP is supplied to a clock'input CLK of a
presettabl e counter circuit 60. Such a counter WO 96/12355 _
PCT/ 1 B95/ 00806 '

Con oF £ 110 T4 e S iR VA oot *ﬁ@fé@i’ﬁ%‘ét

of the (@yhaviag acllmum aftennas @l, a2, a3)randra singleaeeeiver, fromt-end (30) whichoisd t he

cgggter W th a vaI OOé fo’i i d| ng the couni;erg;"c&ihnég out Eut- Malagg
eset &%%We% i e‘?‘éc?d?o Pty VoBlrotldg g Mifednl "

r espsCtgwi frcsrpeinent (30)0n ﬁxeebasxsﬁﬁ'atﬁ&st enciniédsured zeception parampter, t he

g}?n: Lg' ISI gnal Slqtl ;ﬁ’gm‘&r’]d ct 3, sgectlvel gatlve |25ut tiéiga ﬁgﬁ
ggﬁgﬁ%ungﬂ%{%ﬁo ngbe suppl y qg”%!pecF@ié‘va.ﬁEeﬁwt G4,

36) is arranged for carrying out a search for a better antenna or antenna combination
_ substantially within an error correction capability of the error correction decoder (32).

10 2. " A wireless digital communication system (1) according to claim 1,
‘wheremasearchmgfrequeucy(PF)ofthesearchxsadapnvetoanoverallreeepuoncondmon
 of signals received by the antennas (al, a2, a3).

3. . A wireless digital communication system (1) according to claim 2,
wherein the searching. frequency (PF) is decreased when continuously no better antenna or

15 antenna combination is found.

4. A wireless digital communication system (1) according to claim 3,
wherein the searching frequency (PF) is exponentially decreased.. ' |
5. A wireless digital communication system (1) according to claims 2, 3 or

4, wherein the searching frequency (PF) is set to a predetermined maximum frequency
20 (MAX) when the overall reception condition is representative for a completely lost signal.
6. . A wireless digital communication system (1) according to any one of the
claims 1 to 5, wherein the at least one measured reception parameter are a field strength (FS)
ofareceivedsignalandabit-error-rate(BER)_dgtgrmhledfromanoutputsignal.(EF)ofthe-
error correction decoder (32), the diversity controlling arrangement (34, 36) deciding on a-
25 qualityofrecdvedsignalson.mebasisofﬂt_emeasuredﬁeldsumgth(FS)anlorme
determined bit-error-rate (BER). -
7. A wireless digital commumauon system (1) according to claim 6,
whereinthedecisxon-xsbaseduponthemmuredﬁeldstrength(FS)ofasxgnalatacmrent'
antenna or antenna combination when it is above a predetermined threshold (THL1), the

S ¢ L Mo§ %




Fig. 7 shows a timng diagramillustrating operation of the antenna

sw t chwogéardsSngenent 30 according to the present invent poTIBYsivosdshe
counter based driver circuit 36 the switch of the antennas al, -a2, and
a3 is such that seven virtual antennal2 positions are selected in a
cyclic way when the pulse SP is present, i.e. when the 15 microcontroller

34 i me,gm gémbstt 36 gmm RinfiA Reheh I nations
i ﬁﬂf Y Eurt‘?]%r C(?gbl nat | on(s:m?

are indicated above:the sw tching pul ses SP. ol | ow
f r om measurs-field; strength (FS)rdecreases; w&hwmmwmmts '

or csdht "I nvent i on, Arpireld AP el W@%@@zé@f@wﬁt% (g, to 1he

dlffwmmswwmwmmm &)§0 and

81. The neasured field strength FSis fed to a p03|t|ve | nput term nal

of3 t raignal reqeived: atthe surrent antennacor antenna combinationwhem rik isf belawdhey an

ngﬂm@g‘?@ mﬂ!l%%%%@&@% Qg};j@%m The

di f f epeekingcto amother antenn® Whea the detentlinet bit-erroretiite (BER) ifferéases withpr ogr ammed
mcrocontroller 34., AP error flag EF fromthe error 25 correction decoder

32 | 8ol | er 34. The t oggl i ng frequency of the

fl EF d d
Siond, The - nfa Ww@ﬁa‘?ﬁ% A, () Bl UHEE ) o

t 1@ ewhaemfihagmhmgr&eqnen isset td the predeteimined rmumnhefreﬁ%ncpmmp 417 of
sai d Data_Ha dboqmdg whi ch the decoder .of |Ctype, SAA7345 S
descrWhriythe ﬂam pe (EH2bscr i bed. A‘

2I’OI’ o?ﬁn\ggggggs@#ﬁeﬁoh&a{ mcr m% ggi# % r egéi@gﬁéﬂ Wé’r’q&ssages

when radio appamtud ha;;au least ¢woantennas (aly a3 a3)oand a singlereceiver frontrend (31)

|nterrﬁép£|n8 lgr&? dec di n (ﬂﬁ@é@]@-ﬁfumtamla”ébekg g{thlnthe error
corr St -~
T EF
O?bl 9grror r at e BER WWWWI m?&wﬁy &Htﬂflhﬂéﬁﬁ

anwnnasthchmgamngement (30) on the basis of at least one measured reception
parameter, characterised in that the radio apparatus (3) eompﬁses-axi-meonecﬁbu decoder
(32) which is coupled to the receiver front-end (31), and that the dxvers:ty controlhng
arrangement (34, 36)xsananged for carrying out a search forabetterantennaorantem:a
20 combination substantially within an error correction capability of the error correction decoder
11. A digital speaker (40) comprising an audio amplifier (47) and at least one
speaker (44), characterised in that it (40) comprises a digital radio apparatus (3) which is
coupledwtheaudxoamphﬁer(ﬂ), thedxgltalradxoapparatus (3)havmgatleasttwo
‘25 antennas (al, a2, a3) and a single receiver front-end (31) which i is coupled to the antennas
(al, a2, a3) via an antenna s_elecuon switching arrangement (30), and:having a diversity
controlling arrangement (34, 36) for diversity controlling the antenna switching arrangement
(30)onthebamsofatleastonemeasuredrecepnonpamneter theradtoapparams 3
futthercompnsmganerrorcoxrecnondecoder(BZ)whxchxscoupledtoﬂwmmmfmnt—
30 end (31), and that the diversity controlling. arrangement (34, 36) is arr_anged for carrying out
a search for a better antenna or antenna combination substantially within an error correction
capability of the error correction decoder (32).
12. * A digital speaker controlling apparatus (10) compnsmg a source selector
(12) which can be coupled to a plurality of digital signal sources, the controlling apparatus

[T
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‘the sequel . , R Flg 9 shoms a flowchart for
“SilTustrating antenna d|verS|ty switchin - according to the present
invention. In the flowchart Y i ndi cates "Yes" and N indicats "No" as a

resul t (10) coniptising dn errbﬁebmdﬂ encbdéro(15% fmoéncodmg redundanterrorreskrédtion onl y
t wo antennas are 5 used a tenna dlverS| and,-t:hat these antepnas can . -
be swagaddo aodigital; M"f selectpr, texi inithat the k Bl a

000 s g PPt il ﬂﬁ'é?t?ﬁﬂki f sl he enBBied Vgl t5RE 77

PF is gkt éne digitakspzaker\@8). The al gorlthmls adaptive in that the peeking
frequency PF is ‘gradually decreased to a mininmum M N when reception is
relatively bad. 10 When reception conditions inprove, the peeking
frequency is gradually increased to the - maxi mum MAX. Preferably,
decreasing -or increasing of the peeking frequency is done

exponentially. This is based on the insight that when receiving at a

rel atively poor antenna which is still the best one it does not nake
sense to peek at the other antennas with a very - hi gh peeki ng frequency -
-because this could make overall reception even worse. Wien the 15 radio
apparatus 3 is in-a relatively poor overall reception condition, the error

correction decoder 32 is already at its limts or beyond its limts of
error correction capability. Starting froma maxi num peeki ng interva
of 10 nsec, the peeking interval could be increased to a - few hundred

nsec, from 10 nsec to 20 nsec, then from 20 nsec to 40 nmsec, and so on.
When the signal is conpletely lost, the peeking frequency is set to the
maxi mum MAX 20 because then it is of no interest that  peeking disturbs
‘'signal decoding. In block B2 the field strength FS at the current
antenna is nmeasured. In block B3 the field strength is tested. If the
field strength is above a given threshold value THL, it is tested in block
B4 if afield strength difference [err]FS of tmn consecutive
measurenents is positive. If no, field strength measurenent at the
current antenna is repeated. If yes, in block B5 the mcrocontroller 34 25
initiates peeking to the other antenna. In block B6 it is tested if this
other antenna is better. If

e

A O



;J/es, in block B7 the antennas are swapped, i.e. the other antenna becones
t he cur rewmt96/12385 ant enna from which t'he signal i s denodul apetiisvsmsesbhgcoded.
Lf no, in block B6A, the peeking frequency PF is decreased to MN. |f |
in the block B3 the neasured field strength FSis bel ow the threshold .
value THl, the ntcontroller swtches to bit error at testing. In 30 bl ock
B8 the bit error rate BER on the curﬂdﬂt antenna is determned. In block B9
it is tested if é it error rate BER is above a given threshold _
value TH2. If no, thedradifoapparatus 3- is in a reception condition of

a conpletely |ost signgts slaf ter having increased the peeking-
frequency PF to theﬁw in block BIO, the m crocontrol | er 34 peeks
t o anot her ant n.n%ra oclﬂ Bl@ a3 yes, aki neh| fk BI1 - is tested if

t he det er m ned7by /12355 _
- —— 10 a
rajte‘E 0 \ 10[ edr ] 11 no, _

PCT/ 1 B95/-00806
ent lant ennafls repeated with the

given set bit
measur enent / det er ni

peeking freqyency det to MAX in bl ock H1l A. Iff yes, i]n Erns 1b| ock B12
the mcrocontroller 34 injgtiates peeking to the other ant Then, in

bl ock B13 it is testdd if the other antenna is better. If yes, in block
B14 the antennas are sWapped. 5 If no, in block Bl5 it is tested if in
consecutive BER determ nations the bit error rate is i mproving. If yes,

in block B16, the peeking frequency PF is stepw se increased to the

maxi mum MAX at nost. If no, in block Bl7, the ﬂﬂaeki ng ency PF is
stepwi se 3 T r Increase or
decrease of |t freg ncy PE, "as the y be, the

m crocontrolfl ert ol defermlnat]o the current

ant enna. n ahtennaf are us€d, peek|To nmeans | ooking for a
better an : eTas,  and™swappi OTTS|repl aced by sel ecting
t he best an qﬁ or antenna conbi nati on anongjth¢ antennas. The setting
of the peekin can be :
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i mpl enented inplicitly in field strength or bit error rreasurerrents by

det er m niviad ﬁ 284si di ng average over 1/PP neasurenents, fodgbet 2Ki Ng
pl ace fromthe 1/(PF 1)-th previous.15 neasurenent val ue to t e current
‘measur enent val ue. WO 96/12355

PCT/ 1 B95/ 00806 CLAI Ms: A wirel ess
digital communicatio system (1) conpr%#ﬂpg a radi o apparatus (3) having
at least two antennas. (al, a2, a3) and.a single receiver front-end (31)
which is coupled to the antennas (al, a2, a3) via an antenna sel ection
swi tchi ng arrangenent (f0), and hava3ng a dll“ser5| 5 ntr0|[.7l ngpt (34,
36) for diversity co IlngA[he ant.enna ) QAL r anggnent 0) on
t he basis of aL_Leas{Lgﬁ__aeasﬁked_gpcep,' ‘ | i sed
in that the radio apparajus (3) conplises Al (32)

whi ch is coupled tpathe receiver f;ont-eno bnd that the diversity
control ling arrangnentég , L%G) rranged for cdrrying out a search
for a better enna of anfemms tion substjantially within an
error correfion capabfti®y of the error correction decoder (32). 10 2.
A wirel ess Trgital comuni ke }rﬁ systeqp(l) acciéding to cFai
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'\’/\Iherei n a searching frequency (PF) of the search is adaptive to an overall

recepti orwo®23sson of signal received by the antennaspdfiposgesesa3) -
3. " Awreless digital comunication system (1) according to
claim 2, wherein the searching frequency (PF) is decreased when
continuously no better antenna or enna conbi nation is found. 4.
A wireless digital comruncation systerjlil) according to claim 3,

wherein the searching- frequency (PF) i s exponenti al y decr eased. 5.
Awireless digitp “anae oy reeore o clainms 2, 3 or
4, wherein the sparching frequency (PF).. eb2to a pr pdeCtl mi ned maxi num
frequency 20 (MAK) when t overal | ecep Xgeonditioh i/5 representative
for a conpl gpel yj l ost sig aI 6} | _ Alwirel ess.digital
comruni cat i og stem (K) aeeorttrg—tb hny Onegof the &aimslto 5,
wherein the at Ifpast OfT K B-a-bH—at—-aC et -} ameter hrefl field strength
(FS) of a rpceipef sipgaeh and a b BFR) determ ned from
an output signalfj(EF) © he er of co¥fection decpder (32), the

diversity controflinp arrang 3 decbdi ng on B 25t3quallty of
recei ved signal sfon fhe basis of the Fg —aob-d—sit-ahgth (FS) an/or the
determ ned bit-efrorkrate (BER). . A wrless digital
comuni cati on syptem (1) according to Iaim6 wherein the decision is
based upon the neasured field strgggthf (FRy of signa] at a current
antenna or antenpha conbinatio hen i t] i saov&¥a predeterm ned threshol d
(FHL), the WO 96/ 1 )

PCF/ | B95/ 00806 : : FIG 6 12
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vmeasured field strength (FS) decreases with successive nmeasurenent

A W rel egegénasgsal communi cation system (1) according to cher/iBds00806
_wher ei n the decision is based upon the deternined bit-error-rate (BER

‘corresponding to a 5:
conbi nati on when it

diversity

antenna when the determned bit-error-rate (BER)
successively determ ned bit-error-rates.

digital
sear chi ng

frequg
when the deter
(TH2) . 10.

.signal received at the current antenna or antenna

i s below the predeterm ned threshold (THl), the
controlling arrangenent (3 6) starting peeki ng to anot her
i ncreases with

9. A wirel ess

comuni cation systen1(1) according to claim8, 10 wherein the

the predeterm ned maxi mum frequency (MAX)
ror-rate exceeds a preterm ned nmaxi num val ue

A digital radio apparatus (3) in a digital
communi caj+eh (1) whi ch radi o apparatus has at |east two
ant ennas fal, sy 2 Single receiver front-end (31) which is
coupled t¢ the s #B2 a2, a3)- W an antenna sel ection switching
arrangenept 15 Ptbnt and whi ch has a diversity controlling arrangenent (34,
36) for d'versitdht it r ol ki ng t he antenna sw tching arrangenent (30)
on the bagis oft=s g+==hne neasured reception par aneter,
charactergsed in thgk t radi o apparatus (3) conprises an error correction
decoder (32 ~|swcoupled to the receiver front-end (31), and that
the divergity o AoganBnt (34 361 |9 ardnnged for
carrying put a s®s a better antfnna or ant prrs—Se—Ebanbi nation
substanti fally withiw#n error correcti pn capabili _ drror correction
decoder (32). nd- 1. A digith Maker J(40) conpri sing
an audio @nplifie Ind at | east ope spep characterised
in that i{ (40) sENB_di gi t al rajio appar at paiadh i S
coupled tp the amg gl ifie (4§g ne digital radia apggr at us (3) having
at | east fwo 25 antegfias ,3) hnd a single aea el front-end (31)
which is tgupled to the =medndas Wt enna sel ection
swi t chi ng¥arrangenent (30), othet hayji ng THZC trolling
arrangenmefpt (34, 36) for] dntennai ty Jcon fa sw tching
arrangene ) ontihe basisdof r g4 reception
par anet er appar at ug ( Y an error
correctio B2) whig '“oupl 0 end
(31), and e NSA ol 1 i ar r anged
for carry
Y B7
/
swap
B7A antennas
813
antenna
better
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" la search for a' better ant en I&I(ﬂlﬁhéc&bl nati on subst ant Ar,‘." w thin
an error cor Q%Rﬁpﬁr}élé@r@ ction Ogd iy (32)
.' 2. if@f A digital Spea ennmﬂrmgﬁﬁénkgj“%%@rﬁt us (10) rrprl sing a
sour c QN?Ekﬁﬁ’i'RiNéE& Appﬁxéamgﬁ POBLIHEPONDER AP AT POUPRRATIONREASY RT)
PCISDnsernatiopal Batent Classification (11) International Publication Number: 13 ,v(mqsnzsss
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