BOO 05~65 -1 I FOSs 1111 1111111111111111111 * De0lEos ¥ MBTHOD
FOR | MPROVI NG SMART ANTENNA ARRAY COVERAGE Field of the Technq| The
present invention rel ates genwuuwﬁmmuum" mart antenna array t_echlno ngt .
dsed in a cellular nmobile co ystem and nore particularly ho
nmet hod which can inprove smart antsesna array coverage. Background of the
I nvention M L[‘Zb &ﬂ) conmuni cation systemusing a smart antenna
array, the Eﬁ%ﬁ%ﬁ *g‘f \éIN@ISMA&TrAMTENNASWRRA,Y_I n f
general . The smart antenna arrag@yst p wo ki nds of beamfor][nng_ or
transmtting and receiving signal's: one 'Md is the fixed beamform ng,h
whil e another is the dynam c beamformng. The fixed beamform ng, such as
omi di r ecfri1g ftlﬂ% ' strip beamformng or sector beam form ng,
i's mainl m@fﬁ%’i&hg omi di Lect [ ?nal inf pgrrarr;: (r)”ny u:gghf g?

tin aging.etc.. The dynam c_beam formng i _ _
¢ g??ﬁgssubggtr‘?%%?%’géﬂ‘ée“f‘f’aﬁ@?@g§6%Fr§'bp§>c% FIB@ anenea amey wElymidgngsed
i nf or mat iian c@lllat todile BRI Catida Ysterl ShalmS ﬁtiaﬁ%‘%o g@&&f@hﬁg st
di agram of a cellul ar nobile comunication network: \%

[ i gni | ar nobil e
ssue necdBYTPOVBEMEBIalcHan aday edwsragdesi gning a cellu |
lzommni cation system 1In general, a smart antenna array of a wreless base

[ [ t he, center of a cell, as shown by black dot 11 in
IS:|t gfli.n M@v NGOk rcl e coverage, as shown by 12. Part of
cells has nofi- Sy tric .circle coverage, as shown by 13, and strip
coverage, as sh&inay mopileTeummuppisgion systas aisingvasamet Afenmoarrsy Ndet I C

cover age. e ptentd Y AR (8 RELRIRL UloR i B et ng P OR RIENE Enna
array i s anggfushisedsoindhofiesapafommirteefos trafsiGittigSaliPREEY ngGdnaft baggenent
shape fo'kin%n}setﬂg Fixed beam forming, while another is the dynamic beam forming. The

fixed beam forming, such as omnidirectional beam forming, strip beam forming or

sector beam forming, is mainly used for transmitting omnidirectional information,

such as broadcasting, paging etc. The dynamic beam forming is mainly used for

tracing subscribers and transfers a subscriber data and signaling information etc to a

specific user.

Fig.1 shows a cell distributing diagram of a cellular mobile communication
network. Coverage is the first issue needed to be considered, when designing a
cellular mobile communication system. In general, a smart antenna array of a wireless
base station is located at the center of a cell, as shown by black dot 11 in Fig.1. Most
cells have normal circle coverage, as shown by 12. Part of cells has non-symmetric
circle coverage, as shown by 13, and strip coverage, as shown by 14. The normal
circle coverage 12, non-symmetric circle coverage 13 and strip coverage 14 are

overlapped for non-gap coverage.

As is well known that a power radiation diagram of an antenna array is
determined by those parameters: such as geometrical arrangement shape for antenna
units of the antenna array, characteristic of each antenna unit, phase and amplitude of
radiation level of each antenna unit, etc. When designing an antenna array, in order to
make the design can be commonly used, the design is taken under a relatively ideal

environment, which includes free space, equipment works normally, etc. When a
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uniits of the antenna array, characteristic of each antenna unit, phase and
anplitude of radiation |level of each antenna unit, etc. Wen designing an
antenna array, in order to make the design can be conmonly used, the
design is taken under a relatively ideal environnent, which includes free
space, equipnment works nornmally, etc. Wien a 11111111111112111111

| 1111111 HcFBped antennacy Ry Putissprgeléad! use drmesabpovesr dovenage of thepmaminhcal use,

t he real IRV ELBHR na- ;.array.will be certainply. changed,
because oa?ggﬁl%lg%e% i n%? Igﬁé% ﬁ’ggf{%g%t&oﬁ%ﬁe&yﬂ%llm%ﬁ,‘:a“% ?‘chpéﬁtﬂoq’andf or s
and | and dsffieremiclendfoansiand latidf fuefaee tfedure] diffegsnt bail@ings asghdhld 8RRyt
arrangenent of antenna units, etc. Fig.2 (part of Fig.1l) shows a difference
of an exﬁgéf‘%eﬂn%\‘?gi”éfﬁ%“wnénﬁﬁnal circle) and a real coverage 22, because
of different |landfornms and | and surface feature, etc. The real coverage

can be measwigd @lartShf Ficﬁ.f)t sHodvsPR AL el gf%% %\%ﬁécYeac gé\léeﬁbgaei%tml%a@ i nd_of

difference, so except adj ustnent at site Se a of a
mobi | e  cuplelaidardabooveedgedt2k bemysdef diffeienbRddfoBas heleRBndistrfic foRag:. t 0
reconfigure-an aZntenna arrgg when an individual antenna unit of t‘ﬁe
antenna arr g??ed?) LONBREGGRK OF mesraed ypt site. dblrepassible bgtipyasieall basghipeen
changed, kaid éfdifetchf® so I : r t be..adj ust ed
inreal time. Princi pl etegge;{i%\edﬁlgga?ﬁlé?%ﬁ&lhg&ﬂ e:%é%l g‘?lve?%{%?g%s & ﬁﬁl? orm ng
for onmi @PIMERINICEHAN netwukr gy tf verycbid., Besidaspiit isanéeshna redonfiguienmi enent s

dynam c 1 n (dynam. i rectional di ati on beam) for individual
subscri bgﬁé%gﬁ&r“ﬁﬁpam( T?!V‘M ABISPEY é‘ﬁttsoétﬁ%iﬁ@teﬂﬁ? 38y 20%1“0% Merlexpect ed
beam f or Abmgally dr- Dveldde rafBEREnCRSHBRE Ghat¥e8! & RisUrhé Qﬁ@%@lﬁ epoqlt?é

coordi nate angle of an observing point, and A(g5) iIs radia N s rength on

O di r ect PURNRG AFRYSANS bdiadiuaisdén re@lppose there are N antennas for an snmart
antenna array, wherein any antenna n has a position paraneter D(n), a beam

form ng par gnplfe W ﬁl)e i trﬁ‘exﬁq%' Sa;s;gcfgxf%\%(ibfpaé‘;l)?o%ﬂglg E{(rgmni Er]réggcg,alo& n; ;le)r(l

the real coverage I's represente o

W (n) ..coverage2pf Wheekj a §i0am afterdridnairhPimfplentdny Wyhah behAt &mid h type

of a sn'a{ antenna .array, . o
ynamic directional radiation beam) for individual subscriber.

For formula (1): A(¢) represents shape parameter of the expected beam forming,
L.e. the needed coverage, wherein ¢ represents polar coordinate angle of an observing
point, and A(¢) is radiation strength on ¢ direction with same distance. Suppose
there are N antennas for an smart antenna array, wherein any antenna » has a position

parameter D(n), a beam forming parameter W(n) and a emission power P on angle ¢

direction, then the real coverage is represented by formula (2):
N 2
P(@) =D f($, D)) xW(n)| oo (2)
n=}
Wherein form of function f{' #,D(n)) is related with type of a smart antenna array.

In a land mobile communication system, taking into account two dimensions
coverage on plane is enough, in general. When dividing antennas in arrangement,
there are a linear array and a ring array, a circular array can be seen as a special ring
array (refer to China Patent 97202038.1 "A ring smart antenna array used for radio
communication system"). In a cellular mobile communication system, when

implementing sector coverage, in general a linear array is used, and when



In.a | and nobile communicati on system taking into account two di nensions
coverage on plane is enough, in general. Wen dividing antennas in
arrangenent, there are a linear array and a ring array, a circular array
Ccan be seen as a special ring array (refer to China Patent 97202038.1 "A
ring smar.t antenna arta% used for radio, conmunication systent). In a

cel I'ul ar "MRYMOE AMMATeRtogAl cQrerags, awienlar prpy snisedi iy theciaventionover age,

in generadircala}idﬁgﬁa{s BEd &ard &aﬁﬁﬁg, and when 2 inplenenting omidirectional
coverage, a circular array Is used. In the invention, a circular array is

used as an exanple. Suppose it is a circular array, then D(n) =2 x (n - 1)
x ir [/ N ; fSygposeitnd 3 cercwdamdrjayxtt@nxDén) = 2x bu 21) >0t ENS((D - D(n)) (fi nd
exponent). Wherein r is the radius of a circular antenna array and A is the
wor ki ng ~ wavél(@rdtm) = FIRS/ 3 2ok & sk —dPimdlct i Gfind expioagnthm of an

omi di rectiopal beam form pg &gr a.normal circle antenna array with 8

ant ennas. SqUAFELD gt 19l £adiys @fgs circylan aptenna 2wy a%o’w‘ﬁ ithe mjogkiag
representy RRYEEL Wit B LR - |.gor it the nean square
Crror o i wRpbagn, $ieD Rk BhUERBHNALCAREIR] of Hbhhi ol TERY, |
...... ( Fprmikg;for a norrhalrainel@aritéina dfrdyswith@ diwnaes. Sifuat’radldigies POSSH, , V\,h_eP
using ap igation algorithm and C(i) is a weight. For some points, i

t he requﬁ@ﬁ%ﬁ%%ﬁ‘?ﬁﬁflﬁ%h‘& TERTSPENL PPWEM C(i) is set |larger, otherw se
C(i) is set smaller. Wen required approxinations for all points are

coi nci dent, Gin)mMWithhm3gesel o IRRGT ' : sider| t hat
transm ssi on pov%r ofmev%ry qél%feeénr;% a%l to ’s@lkFﬁﬁéé?ﬁéfﬂéggtlggﬁ%ﬁ%ml i tude

of Wn) (3) isélpr meBmunt dree: t r ansmi ssi on power of an antenna unit, and
setting maxi numtransm ssion power of each antenna unit as T(n), the

limted condition canl ﬁ [ess a as: JWn) | < én) "Z (condition 1)
Qobviously, to find %Utf ,J‘%@Bi nﬁl‘f( Qll l’fec(lb)f t he tf-g nsm ssi on power within
t he -
In formula (3), K is the number of sampling point, when using approximation
algorithm; and C(i) is a weight. For some points, if the required approximation is high,

then C(i) is set larger, otherwise C(i) is set smaller. When required approximations for

all points are coincident, C(i) will be set as 1, in general.

Besides, considering that transmission power of every antenna unit is limited,
when taking amplitude of W{(n) to represent the transmission power of an antenna unit,
and setting maximum transmission power of each antenna unit as T(n), the limited

condition can be expressed as:
W) <T@t e (condition 1)

Obviously, to find out an optimal value of the transmission power within the
limit for every antenna unit, in general it only can be solved by selection and
exhaustion of unsolved W(n) accuracy, except for some special situations which can
be directly solved by a formula. Nevertheless, when using exhaustive solution,
calculation volume is considerable large and has an exponential relationship with the
number of antenna units N. Although, the calculation volume can be decreased by
gradually raising accuracy and decreasing scope of value to be solved, but even only

to solve the sub-optimal value, the calculation volume is still too large.

Summary of the Invention




limit for every antenna unit, in general it only can be solved by selection
and exhaustion of unsolved Wn) accuracy, except for some speci al
Situations which can be directly solved by a formula. Neverthel ess, when
uUsi ng exhaustive solution, calculation volune is considerable |arge and
has an exponential relationship wwth the nunber of antenna units N

Al t hough, th ncoéa%rufoat‘mBFPV\?o?‘{g‘?Fﬂvélé{nSIB@T RBREGNEA SHTRYD gOVegaged wameyhadatesi ng

accurac | f t . v .but _even onJy to
ol Vet he b oA 3piny 6ARF oRlerk i ebh BESigRA Al 1P FRER, BE ey ge.

Summary ofhat He teal eotdrage 3f bn antedes atray iapproaviesefof @6 tdeVigh Yoot BRIGE, Rt enna
array cove%}%ge, a thod tqQ | H;gr ove snmart antenna array coverage has been
desi gned. VHHE PR APLTRNAL Untiscls (pdet dovn decause ofdsoubletbe agienod radiatint enna

array apppaaebes of bihdiendiasi WorkAUEHAGE: iR, At enna units is
shut downﬁbecause of trouble, t e\éagnten’r%a&g%dlc% ?éc:rl\[%%ﬁglra erl%tagt‘usé% 8 her
nor mal woieRPYRg ramdlyrihaiceihéaveragan be i nmedi atel y adj usted to recover

rapidly the cell coverage. Purpose of the invention is to provide a nethod,
whi ch can adpyst neters. of. antenpa units of.an antenna array accordi ng
to a practi chPﬁ)r?éggf %lpﬁerﬁ'ﬁ“sls HepiosHe aawethaﬁ¢ %{Iﬂ’fg C3R Adipshiparametepieed f i c
beam f o e arits oY R GnfcA A b ey BRordiARG B pREGES . WASHisILALBR o 2! U O
each antenna unit can be rapidly solved within a limt to obtarn a |ocal
opt i ni zat3GTNaf FEYt hasTh spegitie bgamf foringi satiefiting requirement, kindch efidsameband
digital si I [.n t hgds. The nethod changes si.ze and shape of
coveragesﬁacg%rkg Oé{ﬁ [}rgaéqg?rd;dret ggﬁ{&z‘nﬁ'ﬁe%ﬁg FafbfPeafaP'&ng Yoo afithve @elmif toeach

ant enna (@bahudoda opfidstishdifeclown antennas) of the smart antenna array,
to obtain a | ocal optimzation effect coinciding with requirenment under

m ni mum rrean-gquare error criterion. The specific adjusting scheme is that
accor di ng t ol 8¢ giethad ehthe igrentioneis ang kindipé basebardt digitel sigaglepmeesinged i n

engi neeri Si V.. beald cQverage, an tenna radi ation
par anet er s&hig%sa j@ u@%a@%&ﬂﬁe{s%{? %ld éleag%- yd %Eé ap r‘?a)fg‘i‘ FEET AR der t he
M ni num ree@y; Byl adjustingparametdt iof @actodntennh @kEREingCheRKSut H@wﬂ(‘ahtb%hhs\j

cover age c%f an_antenna array apgroxi mates the requirenment under | ocal
optimi z at9 OtHe SO ARtgRna array, to obtamn a local optimization effect coinciding with

requirement under minimum mean-square error criterion. The specific adjusting
scheme is that according to a difference of size and shape between coverage required
in engineering design and actually realized coverage, an antenna radiation parameters
is adjusted by method of step-by-step approximation under the minimum mean-square
error criterion, in order to make the actually coverage of an antenna array

approximates the requirement under local optimization condition.

According to the invention, adjusting the beam forming parameter W(n) for each
antenna unit n of a N antenna array, according to actually situation, further comprises:

A. setting an accuracy of W(n) to be solved, i.e. an adjusting step length;

B. setting initial values include: an initial value Wj(n) of beam forming
parameter W(n) for antenna unit #; an initial value & of minimum mean-square error &,
a counting variable for recording the minimum adjustment times; an adjustment
ending threshold value M and a maximum emission power amplitude T, (n) for antenna
unit »;

C. entering a loop for W(n) adjustment which comprises: generating a random
number; deciding a change of W(n) by the set step length and calculating a new W{n);

when deciding the absolute value of W(n) being less than or equal to T(n)"”?,



According to the invention, adjusting the beam formng parameter Wn) for
each antenna unit n of a N antenna array, according to actually situation,
further conprises: A setting an accuracy of Wn) to be solved, i.e. an
ddjusting step length; B. setting initial values include: an initial value
W(n) of beamformng. paraneter Wn) for antenna unit n; an initial value
go of ni RRIFUAHIRG e WIBE BeFHFUSre eors DM § beingi Aeater thap of egelde ng t he

m ni nrum adj J i . i 20t endi threshold value Mand a
maxi num g?ﬁ%é%@%%%\%\%ﬁgdﬁﬁ%ﬁngglgl@%ﬁ?& %%naggetlgﬁlna -unit n; C entering a

| oop for Whn) Eﬁdie%zitff\ﬁnﬂhe wep Chumelrthe h&ﬁﬁinggﬁﬂ%lalbbﬁhg gredt@BONor ByiEper ;

deci di ng a change of n) by the set step length and cal culating a new
Wn); wieHeddedsheldgral Mres| endeng, e pdjusting\procediae rigd | getting el equal to
T(n)"2, _4 calculatin h I b UM pean- squar e ror e ; when e being
greater {han or aré(gﬁtgpg%gheefé"@ wl(’?éﬁ?p %CI %@ggo ‘évﬁtB?l{;en%er“éﬁEnt t he counting
variable by 1; D. repeating the step Cuntil the counting variable being

greater thanwaen @éh!ﬁﬁhrin%@ ahd@, IMiRSRG) d, M3 iqedWthdEN HRAGhEGalchiRtiadl) usting
procedure and getting the result; récording and storing the final Wn),

repl aci ngesulig? @ ofithik tineadyestment ¥\recordainpal stovgd etha gl iSieplaced héthshep C, i f
e is less than co, then the calculation result Wn) of this tine

adj ust neRewicalcplatsh gand the gowrtmga@riablgds rossetitg ze8pl aced with the new
calculated e and the counting variable is reset to zero. The adjusting step

| ength can fl - Qr I o f i 14N . th i ed,
then settingrts MEtnBlatATchER: co'tc Ecith itiad I B 30idsBRE st et
setting vared,ithdn satinga. miiheomt ddgustiag rstépnigngtaris abbeincladed datigg séthiagn or
equal to.the tqresh {ld val ue M but, the adjusting step length is not equal
to the niHARUYASRE R fhirestupting yAGRMS 1§ rgéeaafdjth%rt Ph§Idp tﬁeﬁ@&eﬁhqlé

cont i nuabbme%%lﬁQiagdadﬁgqn%?Eegth tis bt RigRSIeAUig meﬁﬂf@gmjh&hﬁoak nued.

The adj usting procedure en conditions further 1nc s 'a prese

adj ust nemngthe itk adjusthmeesépledgthak gentyallgnitcshed and the adjubingpijonsdurent i s
- ended. ThﬁiW?un.ber of the initial value Wo(n) is related to the nunber of
ant enna QhTH% 1S SQRiMedconsi st of the smart antenna array.

The adjusting procedure ending conditions further includes a preset adjustment

ending threshold value &', and when ¢ < ¢, the adjustment is ended.

The number of the initial value Wjy(n) is related to the number of antenna units,

which consist of the smart antenna array.

When setting the initial value Wy(n) of W(n), Wy(n) is set to zero for shut down
antenna units of the smart antenna array and W(n) for the shut down antenna units will

not be adjusted in the successive adjusting loop.

The minimum mean-square error ¢ is calculated by the formula:
1 & ?
e=—2|P@)" - A@)| xCW),
i=1

Wherein P(¢,) is an antenna unit emission power when beam forming parameter
of the antenna unit is W(n) and the directional angle is ¢, and P(¢,) is related to the
antenna array type; A(@,) is the ¢ directional radiation strength with equal distance

and the expected observation point having phase ¢ for polar coordinates; K is the

number of sample point when using approximate method and C(i) is a weight.



i initi i for shut
When setting the initial value W(n) of Wn), W(n) is set to zero
down antenna units of the smart antenna array and Wn) for the shut down

antenna units will not be adjusted in the successive adjusting | oop. The
M ni mum mean-square error e is calculated by the fornul a: 2e=111P0QO)
u2- AO)I X (i), K;_, Werein P(g5;) is an antenna unit em ssion power

wh beam f oxml nar er of .t ntenna unit is Wn)_ and the :
di (ragct ?onal gﬁ%{lgttllﬂg %‘,n%%cﬁl(ﬁaﬁy( gf )Lpl(%é%? &ea?‘gﬂe‘gd'et 8 %Hﬁt%pﬁe&ﬁﬂwh,t ype;
A(Q;?) is domepri3edi rectional radiation strength with equal distance and the

expected obsgrvati on point having phase 0 for polar coordinates; Kis the
nugber of san{iBs StPRIngnAanEE efng real paot amhien imeghmdy pad 6¢i2) coraplxWwei ght .

t4 f tp be solved, i.e. an adjusting step
Cengt b - T MR SEHERRkIE or Kihe N rRRe  ereS ot an aBial e AU b o g nar y
part for agpodarpbehinatesultg) re¥fettiveliyespecti vel y; or setting steppi ng change
of an anplitude and a phase for a polar coordinates Wn), respectively;
when using t B UEBR; thy eppi chingg efoalrepapart and am imagigaryapart par b for a

' | cul at the formula: Wn)
g\?\nn?ln)e iA\%?ﬁﬁﬁ X\f‘%”‘?‘ie{t 2?/ (4 Vt;lltﬁ}% ﬂgnf"ﬁs* (ﬁjsfi( ‘?ﬁ?‘%eﬂoﬁtyn) fhe| m%é?’é‘ﬁdA | U( n)
+l I i thv ) a alty
?Rggﬁngﬁglwga?{)equ Esl)wlrﬁgii 'Q?:l ﬁ@@?k‘ﬁﬁgeﬁ%?’@d ﬁgk?ﬁggﬁgj_bsﬁé&gp’m rection of

the real wHeadih 4 P¥(R) akld 0%mR0AR Bé’aﬂl‘g&'neg%%%egﬁ?ﬁpﬁ%t{éﬁ"gi’%@fﬁfi r . val ues

d
are decided by a generated random usi ng A8 change

of | an, amphagiats ACOphASAeddel Pobal o A02EARIE Mo 305 WK 1S

cal cul ated by the fornu AAu (n)c

i D . he
D[~ * eph@n) it AR P o e Ry e A 0ia 1%
adj ust i ng stegol engt h of hg aerf))Ith]uggj AiJ(n_ an(q-_ pﬁase Iﬁ , V2

respect i $efsjated podamchumbeteci de adj usting direction of the anplitude AU(n)
and when using the stepping change of an amplitude and a phase for a polar

coordinates  W(n), the new W) is calculated by the formula:
WY () = WY (n)* AWV (n) = AY (n)* AV (n) DE %W emntag @]
A AY(n) and & ¢U(n). are the adjusting step length of the amplitude 4Y(n) and phase ¢
Y, respectively; L and LZ decide adjusting direction of the amplitude AY(n) and

phase ¢ Y(n), respectively, their value are decided by a generated random number;

The U is the U" adjustment and U+1 is the next adjustment.

The method of the invention concems the case that when a radio base station
uses a smart antenna array for fixed beam forming of omnidirectional coverage, the
smart antenna array coverage can be effectively improved. The coverage size and
shape of a smart antenna array is changed by adjusting each antenna unit parameter of
the antenna array in order to obtain a local optimal effect of coincident requirement

under the minimum mean-square error criterion.

The method of the invention is that according to a difference of size and shape
between coverage required in engineering design and actually realized coverage, an
antenna radiation parameters is adjusted by method of step-by-step approximation

under the minimum mean-square error criterion, in order to make the actually



phase 0 U(n), respectively, their value are decided by a generated random
nunber; The Uis the W" adjustnent and W1 is the next adjustnent. The
met hod of the invention concerns the case that when a radi o base station
uses a smart antenna array for fixed beam form ng of omnidirectional

cover age, - > I v -1 o oved.
The: cover-ayaies SR anRRAERRE BhiENint ke R RE e T84 KBLKiLRl

adj usti ngomditibnant enna unit paraneter of the antenna array in order to
obtain a | ocal optiml effect of coincident requirement under the m ninum
nmean- squar e (Srror criteri og. The pethod of the . nvgnti on is that according
to a differebeaBrlicfiop offhe sethed sopitinglatation diicagld SBHE PEBIANAEHGI neer i ng
design a sal I , i Al ters is
ad; et ed By e ekt o S Spe OF § SRAR anfihna g CBR bE SEMALY RIS

mean- squaach entemra emit paraimster dfthosmert antennalkeay be obirual bmnidrecbemal age of

an antenna,arr approxi mates the requirenent under cal .optim.zation
cond 11 ortadigyr Sesf PO RN \RERREOH B 0 g SRESA PEET SHTUPE HEBF & snar
antenna ahtayis a\WoE41CoFMPLAGE rédudte fANEoIRFIARE Nithda SEBhifrerAdtE MiRtREr ay can
be changed by adjusting each antenna unit paraneter of the smart antenna

array t o apblicgtian gf themediod éxthpiovben parbefi antensa upain 2 gnant Avfeir YrRisr y
approxi nq{[o?ﬁoxrrﬁ)al gﬁ? ﬁ?sogéék%ﬂupfo faﬂ{e%ﬂpad%}aﬁggmram%rmﬁll\ re:I a(i:r"f‘llormal
Iig W n

optim zation resu or coi nci a requirrement. ot her ~application

of the nembtada usits bai baviremegiately adjusted ®RnRe Hetiod torecovefBiinidifdcaama array
is not normal and has been shut down, antenna radi ation paraneter of the
remai n noehepee fonthagedl ipunediatelyn be i medi ately adjusted by the method to
recover ommidirectional coverage for the cell imrediately. Brief

Descri pti : p Eg ﬁﬁ i Ma cell distribution diagramfor a
cel | ul ar Bfef és fd] eFD i . Fig.2is a diagramof difference
bet ween needged .cel | verage and real cel coverage. Fi.g.3 is_ _an
ormi i et ohEI BaSH AT GBS SE a5 BT OB BT ant enna
array with normal circle coverage.

Fig.2 i1s a diagram of difference between needed cell coverage and real cell

coverage.

Fig.3 is an omnidirectional beam forming power direction diagram of an eight-

antenna array with normal circle coverage.

Fig.4 is a flowchart of rapidly improving an antenna array beam forming

coverage with a fixed step length.

Fig.5 1s a flowchart of rapidly improving an antenna array beam forming

coverage with an alterable step length.

Fig.6 is a flowchart having an ending condition for rapidly improving an antenna

array beam forming coverage with a alterable step length.

Fig.7 and Fig.8 are power direction diagrams before adjustment and after
adjustment, respectively, for an eight-antenna array with normal circle coverage
omnidirectional beam forming when there is one antenna unit without working

normally.



Fig.4 is a flowhart of rapidly inproving an antenna array beam form ng
coverage with a fixed step length. Fig.5 is a flowhart of rapidly
inmproving an antenna array beamformng coverage with an alterable step
lI*ength. Fig.6 is a flowhart having an ending condition for rapidly

i nprovi ng ar.apt enna. ray beam form ng. cover wi_t.h |t erablke step

| ength. Fi g%‘iga}gna&BFF]&'@f zgf% pﬁgﬁkrdlrgftg%lct%fa%a"&sl %gg)é?rsad uesfr%?net %ncﬁfl ﬁllg'frment and
after agljjusieBNt respedPRBL I Y& Yan féightainteinghiarrapt eitha cifcaRy ‘dbidiageor mal
circle coverage, ommidirectional beamform ng when there is one antenna
uni t wi t ponidisgetiqiah deamoformingy when theje greydyo Fngenng wyts Wisheurt workag i on

di agr ans &ﬁ{aﬂg,e adj ustnent and after adjustnent, respectively, for an

ei ght - antenna array with circular coverage omidirectional beam form ng
when there are two antenna units w thout working normally. Enbodi nents of

t he | nveREmbodithents of ¢he Invearigrpn now wi | | be described nore fully
hereinafter wih Treference to the acconpanyi ng drawi ngs, in which

preferred empedhBet Sin9tntidie noW VANt bONcBéfbeahfIMle Ul ShdrBieNEl WithmaY,
however, be enbodied in many different forms and shoul d not be construed
as | i m teeterenret toe theneedmpenyisg sbrawingsyt in mdueh preferresh pabodimeatseok tizodi ment s
are provided.so that this.disclosure ngvlv Vbe thorﬁu(ghdand conplete, and
wi 1 f ul SRR SPREMS SR BN MaYy BV P YOS PREEE! SkME S H e art .
Li ke nunfems an@fsdbuldondti eecqiseiBNES litifedughBellembbignehtd etHogthhdhdiie been
descri bed before, and will not be repeated. Refer to Fig.4, Fig.5 and

Fi g. 6. Tréharnthess ehodimentsmse ooy ided &h thag B disclosurgekill betharpyghaand ni t ed
SCope, a&&@%ﬂe%ﬁ@%lﬁ)%lrﬁédﬁ%egfthé &%PQ%?EHJ ﬁbéﬁ}d& tp%@éé‘?‘sﬁ(. fled b the Eg.r any
antenna unit n’ In an antenna array to obtain [ocal optimzation effect. The
met hod Likeglompersrefentebkd dlembnts ltlrougteout.i ve steps: Step | Set accuracy of
Wn) to be solved, i.e. adjusting step length of Wn) during whol e

Fig.1 to Fig.3 have been described before, and will not be repeated.

Refer to Fig.4, Fig.5 and Fig.6. The invention is a method which rapidly solves,
within a limited scope, an optimization value of the beam forming parameter W(n) for
any antenna unit » in an antenna array to obtain local optimization effect. The method

roughly includes the following five steps:

Stepl

Set accuracy of W{(n) to be solved, i.e. adjusting step length of W(n) during whole
solving procedure. There are two kinds of adjusting step length setting methods: one
is to set, respectively, real part and imaginary part of a W(n) in complex number and
changes in step; another is to set, respectively, amplitude and angle of a W(n) in polar

coordinates and changes in step.

Suppose after the U adjustment, the W(n) is WY n).

When using the first adjustment method, #Y(n) is expressed in complex number:
WY(n)=1"(n)+ jxQY(n). After next adjustment, the W“*'(n) can be expressed as
(formula 4):

WO () = W () + AW () = I (m) + (=) AT (m)+ *[0° () + (1) 80" ()



sol.ving procedure. There are two kinds of adjusting step length setting
methods: one is to set, respectively, real part and inmaginary part of a
Wn) in conpl ex nunmber and changes in step; another is to set,
r'espectively, anplitude and angle of a Wn) in polar coordinates and

otngche' 1 PEpreit DS PRGHE 4 €1 aFe abnftinedtBRbndRe KlbmiT ) ot 'e\r'\ze”
oxpr bsscdmHehly i OFRscBogyeb 2L AGkYE RERMng AR iior el " °°
Lt oot nge2e 0 i ieiparypard 0169, APER ok PhndEl SHINE By, )

respect i valdom decisiomdmetBodanisdp 2adj usting direction of the real part [U(n)
and imaginary part QJ(n), respectively; their values will be decided by

ey s oxpr ess My e e C R i R P 2YAS GRS o § POLRy (ar

(-« Ao tRate: ol Caf A P oy’ AR RS, el o) pho) oy be '™ = 1

5 Wh j ' A5 U djusting step length of the

gin%)l i tugraegk%fsr%f%yg%ngﬁ?gé -0 ﬁ?%) ?r (raegplegtsi 1/elgy; Lg,, agd Lu deci de

adj usti ng di geeti on el i_t wdg \+ Al n) -kt pHese-0Ciy), respectively,
WS (9 w2l (1 R4y, 46 A ) canc p

their value will be decided by ra cision nethod in step 3. Step 2
Set a set of Wn) initial value Wa(n), which satisfies |imt...congition 1:
I Wn)lI < T(n)12, nunber of W)gn) relates to antenna units nunber N of the
antenna ar ratereiorA Aasandhup Vdowne adiusipastepnidngth dhetieranvéitide aHeul d be
zero and they will not be adjusted in the successive steps. Sel ection of
the i nitiaad phadeue” () respetiieelyy Epnhaill] dediigradfusiing Hirentive dfahe smplimtigent
speed of the algorithmand the final result. If a rough

AY%m) and phase ¢Y(n), respectively, their value will be decided by random decision

method in step 3.

Step 2

Set a set of W(n) initial value Wy(n), which satisfies limit condition 1:

[ (n)|<T(n)""?, number of Wp(n) relates to antenna units number N of the antenna

array. For those shut down antenna units, their Wy(n) should be zero and they will not
be adjusted in the successive steps. Selection of the initial value Wy(n) has a certain
degree influence for convergent speed of the algorithm and the final result. If a rough
scope of W(n) has been known before, then it is better to select a set of Wy(n)

corresponding to the scope, and this is also benefit for raising the result accuracy.

Then, set an initial value g of the minimum mean-square error & In order to
enter the loop adjustment stage faster, in general, the initial value g is set with a
larger value and the counting variable (count) is set to 0. The "count" is used to record
the minimum adjustment times needed for W(n) under a g corresponding to a set of
Wy(n). M is a required threshold used to decide when the adjustment would be ended
and the result can be outputted. Obviously, with larger M value, the result is more

reliable.



scope of Wn) has been known before, then it is better to select a set of
W(n) corresponding to the scope, and this is also benefit for raising the
result accuracy. Then, set an initial value so of the m ni num nean-square
error E. In order to enter the |oop adjustment stage faster, in general,

the i ni tial yaliie.50.1L5 5k, Wlkhafes hATBSN ¥ BIME BALhS ounLLng vari abi e

(count) is se RS VSYC) recot e m ni mum a(l.lj ust nent

ti mes neseleshdfam ORI 4UNERA 6 AreSstctvdly RO Htich@etthe fol®elingsettiv (Fyn), M i s a
requi red threshold used to deci de when the adjustnent would be ended and

the resuM aditsting stapt fsusthe'stephlviinitis] yalugiafhminamyey mepw-SAUASS ories desult is

nore reliable. .9 The .initial ahue set rocedur es tio above,
e shoueRh sEnenfisiph polds ob it Wi ol B (B EM Fhian kAN P2 PO
These i ngilffeetpicé berdedhl 18EIROSEIEEG1 A bMek )01 arblth@dhlosksi ST, Voe Pruksgt h
("step”), initial value of mninhum nmean-square error so, maxi mum

transm sEichide sefiieg agnimmyMagiiesiing stepriyngth dniaosiee.i Whjch 5 Resdr@ fgrausing ) . The
di fferenﬁ?er%%éﬁﬁ'i‘en%lp&gﬁst%%f 601 and bl ock 401 are that bl ocks 501, 601
further e se a

m ni mum adj usting step length min step, which is
needed for using alterable step length adjustnment. Step 3 Wth the
procedure i Steptep 1 and formulas (4) or (5), a new Wn) is created, i.e.
adjusting Wn). Each tine, a set of random nunber is generated, then

according t rand m nu n ir on n ecided. If
after ad?ust%mﬁ* e GRDSIRM MBSt oS BO9 ot Lo ol M Lg gl ded.
). udthe WMD) Edch tadeetkepbs ﬁH@éﬁx&ﬁhﬁ@r is gehsraeéafomah aeéorafh@ t8fhesubt r act
is deC| d by "adj usti ng step l ength ("step"). As this nonent the

correct thdemi mynbarenbangngdireivonwn{ o) i decidel Iﬁﬂ@l@abdjuismsﬂﬁ,nlf’(wbt ract
probab|I ty are take erat f p.3,is sh |.ocks 402, 403,
502, 5030eRks ti‘%b?“ %flc}sonrci)ﬁmlg @Zz)(l) Bt hF%Q}fer @‘P edgyr spbiaacktd: e

adjustnent if Wn) satisfies condltlonlllmtatlon hen a new mi ni num

mean- squﬁ*reém&“PBPf édd or suhteagt krdegidgd by adppsting step. lemsthé’ﬁe 50, At Ay n) of
this tingohln %@%8&9&%@%&1@Ergﬁ@f&,no??néén roRLACEHd BYorabiigWalid sdidccounti ng

variable i's set to ze
probability are taken. Operation of step 3 is shown at blocks 402, 403, 502, 503, or

602, 603 in Fig.s 4, 5 or 6, respectively.

Step 4

After adjustment, if W(n) satisfies condition 1 limitation, then a new minimum
mean-square error ¢ is calculated with formula 3. If £ < g, then W(n) of this time is
recorded and stored, & is replaced by a new ¢, and counting variable is set to zero
(count = 0). The operation of this step is shown at blocks 404, 405, 406, 504, 505, 506,
or 604, 605, 606 in Fig.s 4, 5 or 6, respectively. In Fig. 6, £ < £'is an ending condition
of the adjustment, so before making decision £ < &, decision £ < & must bg made
first; when ¢ is greater than &', then deciston ¢ < g will be made, as shown in block
612. If £ > g then the ¢ is kept and the counting variable is increment (count+1), the
operation is shown at blocks 407, 507 or 607 in Fig.s 4, 5 or 6, respectively. After
decision &€ 2> &, has been made and blocks 407, 507 or 607 have been executed, each
time the counting variable "count”" should be checked weather it is greater than the
preset threshold value M, the operation is shown at block 408, 508 or 608 in Fig.s 4, 5

or 6, respectively.
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(count = 0). The operation of this step is shown at bl ocks 404, 405, 406,
504, 505, 506, or 604, 605, 606 in Fig.s 4, 5 or 6, respectively. In Fig.
"6, s <s' is an ending condition of the adjustnent, so before naking
decision s < so, decision s < s' nust be nmade first; when s is greater
than s', then decision s < co wll be made, as shown in block 612. If e >
so then the §3i§ kept and the counting variable is increnent (count+l), the
operation i§—§homm at bl ocks 407, 507 or 607 in Fig.s 4, 5 or 6,
respectively. After decision e >_co, has been made and bl ocks 407, 507 or
607 have begyhéaxgcukeshd taaht" isiles thae thopridtnresholdabllee M davit beeshoul d be
checked weather it is greater than the 4@%eset threshold value M the

oper at i o#ecideds Howrretunas) wexem3si-esblgcky 46HPRrerreQR i Kig.s54, §rorg are
respectiyvely. St > y . . preset
t hr eshol %i‘e\‘}atlefljcjaag hggrzseﬂﬁgehgf}dgéfta%%?n@gPg&?gr%rr%%egle%ag&gta}elgqg(,"h?? gp bl ocks
4]92, 532caﬂxrula§b9d’, ifra $eit @f I¥¢h) has beerb calcelatedx thentredam deinm . W(@pnBegpattitel y, a set
of random nunber is regenerated. and Wn+l) is calcul d, | set of
V\f)n) hasplﬁé@lﬁlr%&ll’%l"élttlgoc,ouﬂh&h”r E%Stq%fl"'f‘ dete Wlil)).CkSF«‘g%egbgPHng'ﬁ%’edure
above ungil " "> 8. Then,
the whol tté‘eé”a*}"ﬁeg?‘?}{ﬁsgtmﬁ%% i BEed AGHHfod ’}tg{hgnggn%ﬁé‘?ﬁ?/ (@S a3t 0 W n)
is a setomfmalogdlitidis, 9! ittheNGmesgoriding Reiniuni efgonsijuag: kot M ean- squar e
error, and the counting variable is set to zero (count = Q). The operation
i s showncauntibg gewabla doset sozero (rougbs 0)-THhe apsration dhshonrmatidecks 49t 199 st eps
above is rogdr?/ a local optimzation solution, but the calculation volune is
nmuch | es¥ Arfd a set of solution can be qui ckly obtained. [If it is not
satisfied with the solution of this tinme, then the procedure can be
r _epﬁat ed, Steadhttionebmindd fahuhé stapcarovbes aily ailned ophchizatmatsobftiogol ut i on
W th m nj num nean- square error can be got. O course, .when the procedure
i s repeab¥dhe Frgulafion yelumgp H@Chs‘ﬁffr?)"d&Seeﬁﬂd‘fﬂ?&caﬂé’etﬂﬁw%apt_a}nfdf he
resul t i g iflsidok siigRl iwitd 8@ sofutiel oRlkiStiak! e tRPplREAIE cafBe kéiealedd
accuracy can be used to Inprove the al gorithm nentioned above, as shown in
Fig.s 5 savdrabsetsrof solwivkscaBOk ortaiped and@riehgf selutipmgvithminigiuny fleges, a
m ni nrum adj usting ste Iengtfh . .

square error ¢ can be got. Of course, when the procedure is repeated, the initial value

Wo(n) of W(n) must be updated.

If the result is still unsatisfied, then alterable step length and raising accuracy can
be used to improve the algorithm mentioned above, as shown in Fig.s 5 and 6. In
blocks 501 or 601, during setting initial values, a minimum adjusting step length
min_step is set. At the beginning of the adjustment, a larger step length is used for
adjustment. At blocks 510 or 610, when "count” is greater than M but "step" is greater
than min_step, the calculation procedure is not ended instead of executing blocks 511
or 611. The adjusting step length is decreased at blocks 511 or 611, with the decreased
step length the W(n) is changed and the minimum mean-square error ¢ is calculated
again and so on. Only when "count" is greater than M and "step” equals to min_step
(step = min_step); then the calculation is ended, the result is outputted and a set of
W(n) and the corresponding mean-square error ¢ are obtained. Under same accuracy

condition, varied length, in Fig.s 5 or 6, can raise calculation speed in certain degree.

Fig.6 shows a procedure where a system has a definite requirement of the mean-

square error £ This is expressed as & < ¢, wherein &' is a preset threshold value. In
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mn-step is set. At the beginning of the adjustnent, a larger step length
i's 'used for adjustment. At blocks 510 or 610, when "count” is greater than
M but "step" is greater than mn_step, the cal culation procedure is not
ended instead of executing blocks 511 or 611. The adjusting step length is

decr easegu éatsgltﬁnglsocg&ilre%Edﬁ%]cbnéﬁhw n{urg?beda%m zfjc rcﬁ}@gﬁ h&" ri)l(tic e Wn) is

changed and I Aum nmean®square error ag &in d so on.
Only wheg1Z ¢oddded béfof Eﬂicﬁ%oﬂwdﬁdeﬁé}ﬂ 5"5taepthe€1§1'@é‘écﬁlré s mhdstmpan (step =

m n-step); then the calculation is ended, the result is out putted and a set
of W n) inapldmentatioora ésﬁ@nmlbngiep’@a/nd sqaadmgenondnt@nabet aingifedd siepder sane
accuracy, condition, varied.l en in Fig.s 5 or 6, can rais calculatlon
epeed | mepgflpo et ahoh i RO Re e ididet Shemia BTy teput B
definitecaﬁﬁm&renent of the mean- square error e. This is expressed as e <
e', wherein s' is a preset threshold value. In 11 this case, the procedure
endi ng condi tion nmust be changed accordi ngl that is a block 612 is added
bef ore bl ocki%®3 andfidesaabe an apghcatlméffmtové)é&@rré/enfsorewetéccommnm of

i npl enen p usj ng a
fixed st é‘? h%@?\&fshgzﬁalgﬁgr}hg%flg% agﬁ%]\%lgl a?r%ysﬂq{ i%hf%'% Lg %PF%%{ 15 ed ant enna

array begowioinFigg (teoineeatieh isFipprepribteatotan§ t9p66f hbeneinappay st ¢aan ef f ect
of the inventiaon with conparison of two diagrans, by taking a circular

ant enna ¥aayCllyRales beam fRrming Hsreghtivgogse enl.‘/atgkmgwemhlar ANLERRR TR he
I nventi 0?&1 R é"@ﬁbgez 'vé‘tﬁé‘ﬁ LR a%'f%n%yxﬂﬂﬁ %clﬁamg%éné}ﬂe al f}“é( d%PQaGL%“an
y nmake am

dynam ca ormng In rea here on y |ng circul ar
ant enna comagted asliafreguamyltensceVee retaa)mfahe emanajamray Kasrtodubds, tige tad® ant enna,

f eeder cabl e and connected radio freque transcei v etc of t

L ornas B SR e f P ST AL S g AL et BIE PRt e diaGa A aam ot e

ant enna yRidntephh fanIaFméJg‘le%u?%rsémg adhews ot WiRATAR Mlennk NRitAILERHR array
is greatly worse shows t hat when one antenna unit does not work,

t he radi apike mecltiadgtlamdm‘gram@f dhret avermaamanys ¢anged frgedarf ideah areld weml ci r cle

to an irregula raph the cell coverage. | I i diately. Wth
the et nitegrr ol T editne R ehiShdtieo 53¢ BhERTel By B dnr FREHE or o
ot her nothgahverfibe ke radibltase sfado@Sbufispatdipdted sMBEbhcnal BxteaRangiNg feed
anpl i tude and phase of all normal antenna units, so a coverage shown by

graph 812idhagpys hans igpiediawly bahshengmgdfeet amplitude and phase of all normal
antenna units, so a coverage shown by graph 81 in Fig.8 is obtained which has an

approximate circle coverage.

‘Fig.s 9 and 10 describe another application effect of the invention with
comparison of two diagrams, by also taking a circular antenna array with eight units
as an example, as shown in Fig.3 (the invention is appropriate to any type of an
antenna array and can dynamically make beam forming in real time, here only taking
circular antenna array as an example). When two antenna units, separated by n/4 as
shown in Fig.3, do not work, the radiation diagram of the antenna array is changed
from an ideal circle to an irregular graph 91, and the cell coverage is much worse.
When this happens, with the method of the invention, the radio base station adjusts
parameter of other normal antenna units immediately by changing feed amplitude and
phase of all normal antenna units, so a coverage shown by graph 101 in Fig.10 is

obtained which is obviously more approximate to a circle coverage.

It should be noted that when part of antenna units stop working, without

increasing maximum emission power of normal antenna units, radius of the whole

12



approximate circle coverage. Fig.s 9 and 10 descri be anot her application
ef flect of the invention with conparison of two diagranms, by also taking a
circular antenna array with eight units as an exanple, as shown in Fig.3
(‘the invention is appropriate to any type of an antenna array and can
dynam cal | y nake mformng in real ting, her nly takin cirgul ar

ant enna ﬁ?geéigea’§ %?Fné?&nﬂ?céﬁa. e‘gW?éns %”F%ﬂénﬁlﬁ?gé CQ’éﬁ?SPg‘itB'd BYS 7T/ 4 as
shown i nchielagd ofQapOlediBIsks (& foaFigahi 98 ifliaPbaimIef thithcodRuiRafoR ray is
changed froman ideal circle to an irregular graph 91, and the ce

cover age blindness hreamppears, ¥hehowrhby thepyamges wi Fig. 1 laed fég.fotindér equal
inventio t he radi o base station, adjusts ar ter of other. .norngl

ant enna gﬁfaflge’in?'E{SgW POyt eé’ﬁbisndgfcfeéﬁfl gﬁpf HFU@‘S CoNEFrasp pains Bﬂ? al |

nor mal apBt @8dt8asddi1Ng, ~20%3 THRKEsRIM SHeMD RYveahBProtleh, iths Rb&bsddly t&

obt ai ned_which is obviously nore approximte to a_circfe coverage. It

shoul d bEICHSER EMIFAON BT dar PadfolagntemBaunits, tof using "hWeatki' fgnctign Rbut
increasigg iy eni ssi on power of nornmal antenna units, radius of the
whole 12 Coverage is definitely decreased, as shown in Fig.7 and Fig.9.
Consequently, cells coverage overlap decreases (refer to Fig.1l), so it is
possi bl e t hédlthec orathini daproing kintendaessayarcoecragpdar & adpisahgvparbyetehe
exanples in Fig.7Z and Fig.9._ Under ual distance, when enissi on, power
Covel | sPibedistofattenna oftun ThEheamoHR dged FARF E PP 20 THeagiay SR8 100 -
20% Thebgd pldRal dirRiz86Sn Efect RHIY Be F&i' S problem it is necessary to

i ncrease em ssion power for part of antenna units, or using "breath”
function of neighbor cells. The nmethod inproving antenna array coverage is
an adjusting paranmeter procedure of antenna array. The beam form ng
paranmeter Wn) can be quickly obtain and a | ocal optimzation effect wll
be got. 13 Cainms 1. A nethod for inproving coverage of a smart antenna
array, conprises: deciding difference of size and shape between coverage
of smart antenna array designed by nobile comuni cati on network engi neering
desi gn paraneters and

13



actually realized coverage; adjusting radiation paraneters of antenna units
consisting of the smart antenna array by a step-by-step approximation

nmet hod with m ni num nean-square error arithnetic, to make the actually
real i zed coverage approximates to the coverage of engineering design smart
antenna array, under a |ocal opti m'ﬁg#.i n condition. 2. The nethod
according to claiml1l, wherein the s %int enna array is consisted of n

antenna units, the radiation paraneter is beamformn arageter Wn), and
Fhe ad ust iy it BEdeg e KBrRESeeTiEe (A TR A B oW n) o be

solved, i.e.dRuigdhyfdild TR dindHaPe bBweeRichbi&9gd B bt e Shpc! ude:
an initial value (n) of beamformng paraneter Wn) for antenna unit n;

an initi alesigag¢didysmobfle ndommumicatiogn nsouosk esngimeering  designcparamietegs aadi abl e
for recor d{' gg th§ ] ni. mum adj ustment tines; an adjustnent ending threshold
val ue M (%% FEXFFLMYEMESsi on power anplitude T(n) for antenna unit n; C

entering a |Qpitihgradibfion paiiatietdi®Bf alehfukierskEfg FeRE kM itchnh andom
nunber; deciding a change of Wn) by the set step Iength and cal culating a

new W n) Aarragieh ageep-Ry#EEpt ARPrabiEAtigh emohiod ewigh mOiRuIBe Megn-s@uase tamgn or

equal to T 12 I i t he. msni - e, enror : en e
bei ng grg;é%}g%& hi% r%a?zegtg%gaﬂu? gy rg%‘,zgﬂgé’g%}%% ero%ﬁ%éhg% tlon{?re ecr?é’n'iag‘f e

count i ng evgineailgadeignkma ant@paatrapdindbea Riceloplimipitidn dohditidaunt i ng vari abl e
being greater than or equal to the threshold value M then ending the

adj usting procedure an etti.ng the result; recording and storing the
final Wn), %'e.grﬁ’ﬁcinﬁg‘(’gh °§Efl’Wi’>ttH tlaln nbe?re@. then & t RPN 8RNI g to
claim 2, Wheteh Br f; BRreRhSBnifs, TM&@@{io&B&BHeFe‘?% YRR forfi A?kat%ﬁwa(ré}jan S0,
recording and storing the calculation result Wn) of this tine just ment
r epl aci ngnd e aipushing [pradedungenmpriaced resetting the counting variable to

zero. 4. The method accordin claim2 wherein the adjusting step | ength
o Tixed. |14, SoHins GERIe A HHE RsBhelahenin SRR Thefad) uet i ng

step length i B vahiigd iniBiAd vhldes S8ELAN Yard MitikiavaMa! wres) Tofr 6dagl fhishyde a
m ni mum adj usting step | ength; when the counting variable is greater than
or equal pammeter Hin dethaitehnaainiter; Bh inihel wilwsps,Of minimum mean-square error &;
a counting variable for recording the minimum adjustment times; an adjustment
ending threshold value M and a maximum emission power amplitude 7(#) for antenna
unit n;
C. entering a loop for W(n) adjustment which comprises: generating a random

number; deciding a change of W(n) by the set step length and calculating a new W(n);
172

2

when deciding the absolute value of W(n) being less than or equal to T(n)
calculating the minimum mean-square error ¢ ; when & being greater than or equal to
&, keeping the £ and increment the counting variable by 1; .

D. repeating the step C until the counting variable being greater than or equal
to the threshold value M, then ending the adjusting pfocedure and getting the result;

recording and storing the final W{(n), replacing the g with the new ¢.

3. The method according to claim 2, wherein the step C further comprises when
€ being less than &, recording and storing the calculation result W(n) of this time

adjustment, replacing the & with the new & and resetting the counting variable to zero.

4. The method according to claim 2, wherein the adjusting step length is fixed.
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further conprises: deciding whether the adjusting step | ength being equal

tothe mninmum adjusting step length, if not, then decreasing the

adjusting step length and going to step C. 6. The nethod according to claim

2, wherein the setting initial values further include an adjustnent ending
variable is greater than or equal to,

t hreshol d val s', en the count.in
the thresho duﬂle ’E‘Wg’\ggtaéﬁorg‘%}f’t%?‘ Jhsrein dls adjsting; step lipgthnevaredoei ng

| ess t haghdsthe seftingdhitial REMed AiriHer i1 SdSP nfini %\ rdidig to
claim 2, wherei nmt@hel lr?urrbe? of trr1e i nieti g&l\l}g ughﬁ\sig;?% g?sl&%gﬁa‘?ﬁeed‘ to the

number otheeuating vamabtle is greatsn thonei squabfto tthe tlseshiold salueMatheatepp. 8. The
nmet hod aﬁ@ﬁ i claim2, wherein when setting the initial value W(n)
of Wn), %ﬁ%oql?%ﬁsg%t to zero for shut down antenna units of the smart

ant enna ar r dycidiapvhaier theosdj gt leAMBemBlRNMR0YRE tdniWiunl adlRtidee
adjusted in tg& successive adj Esﬁﬁ}]gﬁi?oog. @96.% Thg met hc;d uac?:(g?%}r}r%g to
cl ai m 2, Sthispathnifigb thendeciaesing dhe adjusting stepriength and goivatesttmCed by t he
formula: s =~z LIP(Q)"Z - AG )I x C(i), wherein P(O is an i=l

ant enna uni 1S5 : L0 rameter of . th tenna unit
T Wy ang ¢ e eRapReGiLRD AR 2, WelE sl BV el Vapied oo
ant enna iaciudy at y@estnipOtnding thredieldvalid ecivhentle doanliind | Ahbi s @AGkd Wi th

equal distance and the expected observation point having phase 0 for polar
coordin %%?r?@”iagtotth%t}ﬁ&ﬁ%éqf%fhes%@pméurﬁlﬁrﬁ@mmWI usi ng approxi mat e nmet hod

d C(i) i el : hod . di ng. t im2, wherei tti
anacout acy o g R eins? Beede Y. ERSE R Bl BB e s ongt h

conprises: setting stepping change of a real part and an inaginary part for

a conpl ex Auriier métoy, acceslpgctd viainy 2, Whebih thd gusbePsf 0 whanganef an

anplitu d a,phase for a polar coordinates Wn), respectively; 15 when
usi ng t&%"@[" ésp'ﬁilaﬁijjaﬁonQﬁdélr%l?eré’fraééﬂmﬁ)alﬂtts’a‘ﬁbichﬁonﬁﬁgfrfntér«ysrrpetratnwrma a
conpl ex dyber Wn), the new Wn) is calculated by the fornula:

8. The method according to claim 2, wherein when setting the initial value Wo(n)
of W(n), Wy(n) is set to zero for shut down antenna units of the smart antenna array

and W(n) for the shut down antenna units will not be adjusted in the successive

adjusting loop.
9. The method according to claim 2, wherein the minimum mean-square error £

. 1 & :
1s calculated by the formula: ¢ = EZIP@")HZ - A(¢,.)| x C(i), wherein P(g,) is an
i=1

antenna unit emission power when beam forming parameter of the antenna unit is W(n)

and the directional angle is ¢, and P(g,) is related to the antenna array type; A(¢,) is

the ¢ directional radiation strength with equal distance and the expected observation

.point having phase ¢ for polar coordinates; K is the number of sample point when

using approximate method and C(i) is a weight.

10. The method according to claim 2, wherein setting an accuracy of W(n) to be
solved, i.e. an adjusting step length, comprises:
setting stepping change of a real part and an imaginary part for a complex

number W(n), respectively; or setting stepping change of an amplitude and a phase for

a polar coordinates W(n), respectively;
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Wi+l (n) =\WJ(n) +AWJ(n) =l u(n) +(-1)L" AlU(n)+ j*[QU(Nn)+(-1)4AQu(n)J wherein
AlY(n) and A QJn) are the adjusting step length of the real part fU(n) and
i magi nary part QJ(n), respectively; L; and LQ decide adjusting direction of
the real part 1U(n) and imaginary part QJn), respectively; their values

i ded . d. d nber; wh i th t eppi.ng change
o “an anpl 1 P Ui B AleBmeCRES Y el st 4 H)ea,ryztp?g’%%%wn) s
| cul at esinplgx t MUy @ o+ =Vir6D) *“ @WK RA NHYAAREN) ot ~
Sgi [CZU?tn) +(?I%))(Lg%nf_ts(vrfl)] , dineyueéi nﬁa%b\ AY( ng 1/zii\nd k)ut u( n) yare thenggcliljaijsti ng

step | engttr @h =€ (ampA ntidp=AYm+ @5 ahbes mj*/lgeor))+(rQ§‘b@\@q(\/,9Ly; Lu, and
Lu decide adjusting direction of the anplitude (n)” and” phase U(n),
respect i whbigin thEfn) andl MYay erel dei albfakting sepgRaghad el rasldsyn FHmpasd the U _
is the Uh adjustment and U+l is the next adjustnment. 11. A method for

i npr ovi ngnagiveey aget @F (A eswectivalnt Ehead dir deeidecatipstingatitecion 9€tHd fgl i i ti al
val ues incluge: an initial value W(n) of beamformng paranmeter Wn) for
ant enna part t/ () andninaginary mEert X (i9raespectiney)nther vayes are detjidest bpni  endi ng

threshol d val u an accuyracy of Wn), i.e. an adjusting step |ength
"step"; %er{leralt?\‘frtafl\l/g?m\}léfﬁﬁ’gr’Eo of m ni num mean-square error s, a nBXi mum

val ue of emiwheh OULIMOWRE stepPRlg Eh@@eT&mhn%ﬁplﬁu&@l&H&!aﬂghﬁéé Ig@blyepoigount * for

recording the m ninum adjustment "times; B." generating a set of random
nunber s, cepsdingieng Wn) cHanginey diWeoti on, caledatdd ngb¥\ n)hechdognulg: si ze by

n) of the Uh adjusting b he ; formul a:
ey =

he "step" t i B
{/\Uil(rsl) i%@”{ﬂ%i;@ﬁﬁb?‘%@%w@d?(ﬂéAtAHénW' 1) *eld f}éf w n t hehelsol ut e

val ue of bei n greater fhan T(n) 112, continuing the Wn) generating
oper at i oﬁ?{g%eq{‘dt%gbU&ngﬁltkﬂeeadl‘&%’i“&éteéflel‘}&h?f thsiamplit {nhendophasedal t o

T(n) 112, | cul at.i 1 Jare error e, D. conparing e and
o unon @ ERAGIT At 4 A LLolccste £ Hging o el ol o6 quatmpBlucs e sndset t | ng

"count" hein ual to zero, then continuing the Wn) generating
oper at i oﬁ?asﬁﬂéﬁ’gsreﬁ%?cﬂéielﬁotthelré@@etaFFaﬁ’F%Q?ﬁ byeegsnaigtadHandona aymbasr easi ng
"count™ by kel i8he adjustment and U+1 is the next adjustment.

11. A method for improving coverage of a smart antenna array, comprises:

A. setting initial values include: an initial value Wy(n) of beam forming
parameter W(n) for antenna unit », constituting the smart antenna array; an adjustment
ending threshold value M; an accuracy of W(n), i.e. an adjusting step length "step"; an
initial value & of minimum mean-square error &, a maximum value of emission power
amplitude 7(n) and a counting variable "count" for recording the minimum adjustment
times;

B. generating a set of random numbers, deciding W{(n) changing direction,
deciding W(n) changing size by the "step", generating W(n) of the U" adjusting by the
formula: WY (n)=W"Y (n) + AW (n);

C. comparing the W(n) and T(n): when the absolute value of W(n) being .
greater than T(n)"”, continuing the W(n) generating operation; when the absoulte

12

value of W(n) being less than or equal to T(n)"*, calculating the minimum mean-

square error &,
D. comparing ¢ and &: when ¢ being less than &, setting & being equal to ¢
and resetting "count" being equal to zero, then continuing the W(n) generating

operation; when & being not less than &, keeping the & and increasing "count" by 1,;
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E...conparing "count” and M when "count" being |l ess than M continuing the
W) generating operation; when "count" being greater than or equal to M

ending the adjustnment, getting the result Wn), c and resetting "count" to
zero. 12. The method according to claim1l, wherein the m ninum nean-square

error Ks is gal ed, he f,or an. S=n P |’ by rein Pis
Y1~1(~) _]§,( g&{k@%rtg) c?ﬁr;lt ;ﬁgﬁﬁ'a"gy‘g]ntcgﬁwabgﬁﬁtleééﬁ&%%%ﬁ&gg%ﬂﬁﬁen beam
form ng paypehaatind opdistic) dizna conrtt béifg ghbtey tieantort da@aldior Mcérdinpatheangl e i s
0, and Pf’ﬁ%;') is related to the antenna array type;, A(ii) is the O

di r ect i orfgiustraentagatione the residitI(nhi £ ndagsptlinglicovatné@ zefd t he expect ed
observation point having phase 0 for polar coordinates; Kis the nunber of

sanple poin i | At _ . £ ) wej ant 3. The
met hod accor 31?'\3%}‘%?8&@%’&;?% @Bgé\%gﬁ Eellgnﬁg‘é@fggh@&gé@&;%%@ﬁg%%?%eg q’e
solved, i.e. an adjusting step length, conprises:?setting stepping change
of a real¢ pasalcudated by therbaymda:ye p&HZfR(¢,-)é’zeO«m¢¢|,~)+xx Gi)ptyerera (g, ) is

respectively; or setting stepping If:h-ange of an anplitude and a phase for a

pol ar Cooaﬁlde{ngeal}élﬁslﬁn\ét\(aeg%iﬁ%é e}s)g\%g{ \Ivagrllr X%amm@()enz%ilféiggtﬁﬁ}e egrro% éral ?ri,ltcre] aguql?tnige of a

real part an rﬁ/ pa 0 new Wn) is

cal cul at egtihYandhie fareBidral andik (#)an¥VR(@))HAEladolihe )ahtenhh arrafltidhed) +
J*[Qu(n)+(-1) AQu(n)J wherein ATU(n) and A QJn) are the adjusting step

length of 4tH¢ g @Rl pRAfdctibddl thdidafen s'tr@fxt?%h RAEY el tdisdkd®) and @fPegletieg! Vi L;

and LQ deci de adjusting direction of e real part 1U(n) and inmaginary

part QU nobservBSHRE pbiny Bhving tphaéd s\MBt B6Rr dbsrdFRAkk d&Tishie RunbRNBF 4ifpler andom
nunber; when using the steépping change of an anplitude and a phase for a

pol ar  cquintiwienasingapproximatemaethod and C6) salvweaighit ed by the fornula: Wi+l
(n) = Wi(n) * AWu (n) = Au (n) * DAu (n)(-l)c~ * ei*EEU(n)+(-1)LU eq(n)],

AUy and phise'd e detafitei JEr T EhRE RhTBARRE D g Bl r ect' on
of the anglveduide aAlddjuptidhstep length, comprises:
setting stepping change of a real part and an imaginary part for a complex
number W(n), respectively; or setting stepping change of an amplitude and a phase for
a polar coordinates W(n), respectively;
whén using the stepping change of a real part and an imaginary part for a
complex number W(n), the new W(n) is calculated by the formula:
WO (m) = WY (n) + AW (m) = 1Y (m) + (<D A1 (m) + j*[0" () + (-1)% 80" ()]
wherein A IY(n) and A QY(n) are the adjusting step length of the real part /Y(n) and

imaginary part QY(n), respectively; LY and L‘é decide adjusting direction of the real

part IY(n) and imaginary part QY(n), respectively; their values are decided by a
generated random number;
when using the stepping change of an amplitude and a phase for a polar

coordinates W(n), the new W(n) is calculated by the formula:
WY (n) = W (n)* AW (n) = A (n)* AAY (n) V5 B b o] perein
A AY(n) and A ¢Y(n) are the adjusting step length of the amplitude 4Y(n) and phase ¢
Yn), respectively; LY and LZ decide adjusting direction of the amplitude 4Y(n) and
phase ¢ Y(n), respectively, their value are decided by a generated random number;

the U is the U™ adjustment and U+1 is the next adjustment.
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phase 0 U(n), respectively, their value are decided by a generated random
nunmber; the Uis the U adjustnent and U+l is the next adjustnent. 17 14.
A et hod f or i nprovi ng coverage of a smart antenna array, conprises: A
setting initial values include: an initial value Wa(n) of beam formng
paranmeter Wn) for antenna unit n, constituti ng the smart antenna array; an

adj ust nent n t hreshol d .va ccur

adj usti ng stlgpgﬂg%&)ﬁ fqrslfrg)ﬁovm%ﬁoveirar'\é §IS“\?§I Z"éa agfly\%‘l ﬁﬁpﬁﬁ?ﬁ nean square
error e, a map. nefiingaini€alobalesd sfl@iR: RAVWRIitialavadhd e &f beamafdrRiiy | Ng
variable "count"” for recording the mninmm adjustnment tines and a m ni num

adj ust i ngaamster Mryfar aptenna tuéﬁ n, epnsyuitiag g sigarhardernagiTayapredivstmeber s,

h
1oL oh M SHRY uGAROR AN SF b Oacy OFE] 18 oMl FRRNED GBI AR DY P
(n) + AWritiflvalue fpof GRMPAIN Rbah RGuaté BiroAld MiinumWdlte bheénikisebuwver val ue of

Wn) being greater than T(n)"2, continuing the Wn) generating operation;
when t he 2BBYRGE Ién), vasQuatiag variablenspwry” IfersEccording Bie mipiany odjTgtment 2,

I I d wh
caloul oL WFs By AT R ABEFAGRSfCheR, O companing, o and co uhen ¢

equa 0 e and resetti ng "count"

bei ng equal t 8. z@heratihfensa Wit ianderm huniters\(detidgen erat bmglrtgoenrraitioﬂn Wnen e
bei ng not | ess than eo, keepln the e and i ncreasin

conpar i ngecidiat( ghanems sirrby thedsiap™ gs@qrﬁtgng W qfﬁgenlﬁ ada;lefﬁngx?mthfg t he
n ener at pper ount"” being greater than or equal to M
\é\gl Z\ggt o(ta ?eap% p?” mw}e’&&f er "step" being equal to mn_step: when
"step” being potc, Hﬂ the W) &P ISRERIRE MR vALEBE A SR T nUI N
n {1 _st

the Wn) generati ration; step’ el ng equa endi ng
t he adj ugtela‘@ntthargﬂrt)l ngcarhlaumgsﬂnlet W)ngsneaatingneper gt twfnag theoahsbtilt& o zero.

19 TS TGS PETHSA et ol B o AT, BBy L TR e s 7"
wher ei n E}QLQN) erk St £
D. comparing € and &: when ¢ being less than &, setting & being equal to &
and resetting "count" being equal to zero, then continuing the W(n) generating
operation; when & being not less than &, keeping the ¢ and increasing "count"” by 1,;
E. comparing "count” and M: when "count" being less than M, continuing the
W(n) generating operation; when "count" being greater than or equal to M, going to
step F;
F. deciding weather "step" being equal to min_step: when "step" being not
equal to min_step, decreasing the "step" and continuing the W(n) generating operation;
when "step"” being equal to min_step, ending the adjustment, getting the result W(n), ¢

and resetting "count" to zero.
15. The method according to claim 14, wherein the minimum mean-square error
1 & ’
¢ is calculated by the formula: & =?z:|P(¢‘.)”2 ~ A9, )| x C(i), wherein P(¢,) is
i=]

an antenna unit emission power when beam forming parameter of the antenna unit is

W(n) and the directional angle is ¢, and P(g,) is related to the antenna array type;

A(@;) is the ¢ directional radiation strength with equal distance and the expected
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an.antenna unit em ssion power when beam formi ng paraneter of the antenna
uni‘'t is Wn) and the directional angle is 0, and P(Q) is related to the
antenna array type; A(O;) is the O directional radiation strength with
equal distance and the expected 18 observation poi nt having phase 0 for

I ar cog S t he, nu [ sanpl.e poipnt when usin apprOX| mat e
I[r)nce)t hod anggéé?ﬂgo‘% gmﬁ h%vx%tphaf@? BOIHEF%E]‘“&P?Q df A pEmben phsamplewher ei n
setting pomimae) ueing\dploxifatenetBdd MRIAC(:) is &-weghtadi usting step Ilength,
conprises: setting stepping change of a’real part and an inaginary part for
a conplex number Wn), respectively; or setting stepping change of an
anpl i tude antf- dhsHagthod gecordingdp slaimobs, dilratio setig)accuraspef /gy be when

using th e of eal part and an imaginary part for a
corrplgex Egﬁ%@ﬁ@\,@gf&n?ﬂ% % 166?51 “GPTEEFcul ated by the fornmul a:

Wi+ (n) =Wa( W)B&mwtﬂbrﬂh@(dhhﬁée o re&l an)and ard Qﬁégﬂxﬁ(y- ﬁ&rUi@J(a”éJm erein

Al U d A are the adjusting step | ength of "the real par ' U(n) and
i maéln Lafgl 5‘3?% F3SPeqtrelye OF %Qﬁ@l‘%/“elkpmg shange of ae emglitusdjand @iphgsedfor ect i on
of the rg@blar@@‘gﬁ,{a%rw( qgrﬁegggélyary part QJ(n), respectively; their

val ues are decided by a “‘gerierated random nunber; when usi ng t he stepping

h f arw h$ihgdbe am}bpmgpbimgefc!fra aezﬂqbéitf and:(mrﬁlm pAinYor 4 he new
Slﬁ?glesocal c }ImgFed b f ormul a: —V\U n)*AV\ﬂ&))y) Au(n *A AU( n(-')4
*ei [ 4U(nf ¥ &d&‘ﬂ}‘%%( nW”)\’/\hé}F%l AeVA Wﬂ()n) ‘San‘EP Alatedy Wi usti ng

ﬁLGBeL?S?Q’aﬂ};ﬁ’?@éaﬂ%&‘?@iﬁ M ERN o (whé%?pe“%é‘ibyw Sy
he Lp AP CPA AR A1 P) Gef %@y%ﬂréﬁe@f%@ﬁ?é%ra ot
val uos. | RATOHEY 4R O P%ara“t@ﬁ%ﬁﬁa%rﬁ‘%% B recsa?aﬁéée{e?e%w R')tt o
Chr eshol 1 12 aﬁaﬂnéﬁ%“% el B lelp SN BTl AR B! Pl

- "step"; generated tandbmumimber;go of m ni num nmean- square error e, a maxi mum

r . .
val ue of emv%%lnolrfsu[i)g\l%ﬁe stepping change of an amplitude and a phase for a polar

coordinates  W(n), the new W) is calculated by the formula:
WO ) = WY (n)* AW () = 4% (n)* A4 (n) O # g B Orentms ]
‘A A4Y%n) and A ¢ Y(n) are the adjusting step length of the amplitude AU(n) and phase ¢
Yn), respectively; L' and LZ decide adjustihg direction of the amplitude 4%(n) and

phase & Y(n), respectively, their value are decided by a generated random number;

the U is the U" adjustment and U+1 is the next adjustment.

17. A method for improving coverage of a smart antenna array, comprises:

A. setting initial values include: an initial value Wy(n) of beam forming
parameter W(n) for antenna unit », constituting the sm;eu't antenna array; an adjustment
ending threshold value M; an accuracy of W(n), i.e. an adjusting step length "step"; an
initial value & of minimum mean-square error &, a maximum value of emission power
amplitude 7{n), a counting variable "count" for recording the minimum adjustment
times, an adjustment ending threshold value &' of minimum mean-square error £ and a

minimum adjusting step length min_step;
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anplitude T(n), a counting variable "count"” for recording the m ninum
adjustnent tines, an adjustnent ending threshold value e of mninmm
mean-square error 6 and a mninmum adjusting step length mn-step; 19 B.
generating a set of random nunbers, deciding Wn) changing directi on

deci di ng Wn) si ze by t " ) ] f

adj usting by tEﬁeger%f#ﬁﬁ %Sewyranl(ag?l ﬁﬁlﬁﬁer i(?ﬂg\lwéﬂ)c\%g%ng dlIIth(?rl ng the

Wn) and dktiding MoRhbiEn@bise bytiee "é&dpﬂegdﬂéra\MQW(bﬁbﬁ@le gt ed;heuingtlﬂaﬂhe T(n) 112,
continuing the V\(n? gener ating oper ation; when the absoulte value of Whn)
bei ng | edermlan#or @yadl ¥ ¢ +TL(3W) A2, cal cul ati ng the m ni mum mean- square

error E; D. conparing the ¢ and e': when e being | ess tha endi ng the

adj ustrment,  det eomppringe thee ¥t apd qYn): evhdtheeahsp i yalus QJQW(”)t Be18gr 0: when
6 being 'g% éreﬂ% tﬁﬂ}"”E'conngh%%e{)@V(ﬁ} ngng'a A:% of)%@ﬁ' ed e Gb@ReCO: when

6 bei ng I®®ss than co, 5etting el ng “equa c and resetting "count"”

bei ng equaluet of B&nobeihpdesscthat ionudqagl toh@(r&\’(%)ca@ahﬂngtthngnmopmancmn when E
bei ng not |ess than Eo, keeping the E and increasing "count” by 1; F.
conpar i ngIU¥EGAPT €and M when "count" being | ess than M conti nui ng t he

Wn) generati @GQEIgéﬁ%diggﬁEIM%” : &P%'be{%.g'@% @Ah 3 %Bdltngflﬁe Qcﬁhuﬁﬂ}éﬁ fo

90|ng to step ng mea bei ng when

"step” belchthgt@b res@BUAIn)! Hakd FesSkiBp "colefr ﬁﬁ@r@gﬂlﬁeﬁﬁe béﬂhgmot RESthaant,i nui ng
the Wn) generating operation; when "step" bei ng equal to mn- step, endi ng

t he adj usgomegnto stepdiit i ng t he resul t Wn), ¢ and resetting "count" to zero.
18. The net ho accordl to clalm%en_gvvner in.,the m |rrum nmean- s are error

2 6 is cal cul atef*By*H hF(’frar’?ﬂlgé ?(e‘?g an &g, s mgﬂi”aem)gleqﬁa
wherein P{ g?a rbsdtti n--c%%@nmngrthaﬁm §§boﬂ1€H%Elnm%ntthWrﬂfgén%}a'ﬂ

par amet er e antenna unit Wn) and the direction angle 1S 0, and
P(g5,) | sopesdtiahpahéme béiag aot lemamw, &yefiypthe £ bl agreasing voudt” diyriect i onal
radi ation strength with equal distance and the expected
F.” comparing "count" and M: when "count" being less than M, continuing the
W(n) generating operation; when "count" being greater than or equal to M, going to
step G;
G. deciding weather "step" being equal to min_step: when "step" being not
equal to min_step, decreasing the "step" and continuing the W(n) generating operation,
when "step" being equal to min_step, ending the adjustment, getting the result W(n), ¢

and resetting "count" to zero.

18. The method according to claim 17, wherein the minimum mean-square error
1 & ’
¢ is calculated by the formula: & =-1?Z:[P(¢,)”2 -~ A(¢,.)' x C(i), wherein P(g,) is
i=l

an antenna unit emission power when beam forming parameter of the antenna unit is

W(n) and the directional angle is ¢, and P(¢;) is related to the antenna array type;
A(9,) is the ¢ directional radiation strength with equal distance and the expected

observation point having phase ¢ for polar coordinates; K is the number of sample

point when using approximate method and C(i) is a weight.

19. The method according to claim 17, wherein setting accuracy of W(n) to be

solved, i.e. an adjusting step length, comprises:
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observati on point having phase 0 for polar coordinates; Kis the nunber of
sanpl e point when using approximate nethod and C(i) is a weight. 19. The
met hod according to claim 17, wherein setting accuracy of Wn) to be

solved, i.e. an adjusting step length, conprises: 20 setting stepping
change of a_real 004 ' ' f{Hacth epor AebglexW ),
respectivel §/e;tt(?“g'|g Stgg{”%ligng s?ggg;’%géa@ﬁgﬁgﬂ aln agrrglg??ﬁtlte zgnd a gﬁgse for a

pol ar copmshep @@y rWpeYtivel gspaetting steppingtvbangesifrag antpitedecqndi aphash frge of a
real part and an_imaginary part for a conplex nunber Wn), the new Wn) is
cal cul at&eplarcooplinatey FGaresPREYEn) =\Wi( n) +AW( n) =1 u(n) +(- 1) LLO u(n) +
J*[Qu(n) ﬂ‘ﬂghérﬁ(&é ) the: ste%‘ﬁﬁ%%‘han bpﬁnﬁeaﬁﬁﬂnOan@Jﬁﬁ\)imagiﬂaﬁyhﬁaxﬁ%ifJ%ti ng step
| ength of the real “part TU(n) an i magi nary part eSJ(n , respectively; L;
and LQ denplex adumber ndgV@),r ethei arevof W&é ngalcalcplatad | oY n)thendoimidgi nary
part QJ(n), respectively; their values,are decided by a Agener at ed random
number ; W& (nus FAG(H) hA BT €Y AG(OHARYE’ F Cﬂhﬂ“dﬁi@l fridd-4hdAQ phHse for a
polar coordinatgs Wn), fhe new Wn) is calculated by the f]Q,r | g  Wi+i
(n) = Wwherpin AAVE) (anyl A=02@) @Fp the adpystipg ystep; lppgth«ofdhe ma(lrnaﬁt(-i';}ug?éaw( n), ,
wherein A AU(n) and,A OJ(n) are the adjusting step length of .the anplitude
AU(n) anidnaginese pat Q%((ﬁ/),,reiri@%\éf&’;i dre PR l‘kéAjSe&WG q_ddPS&ESidb"égté‘H] ﬁ’ts{ erf@aldimr)ecti on

of the anplitude AY(n) and phage 0 U(n), respectivyely their value are
deci ded PAft d& (& Rad maginagy JBR QJffBeF‘?SPC%tWé{X’J tgg“t MeSArg ‘ifféc{e ﬁ‘{ %and U+l

i's the next A URASHYumbed

when using the stepping change of an amplitude and a phase for a polar

coordinates W), the mnew W(n) is calculated by the formula:
WU () = WY () * AV (n) = AU (n)* A ()0 % 0@l herein
A AY(n) and & @Y(n) are the adjusting step length of the amplitude AY(n) and phase
#Y(n), respectively; LY and L) decide adjusting direction of the amplitude 4Y(n)
and phase #Y(n), respectively, their value are decided by a generated random number;

the U is the U" adjustment and U+1 is the next adjustment.
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