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Adapti ve Antenna utilizi ng Power inversion and li nearl y
Constrai ned Mi ni mu m Variance Algorit h ms

E . A. MOHAMED，TAN zhan-zhong
（School of Electronic and infor mation Engineering ，Beijing Unioersity of Aeronautics

and Astronautics ，Beijing 100083 ，China ）

Abstract ： This paper presents a new algorit hm based on the power i nversion（PI ）and the li nearly
constrai ned mini mum variance（LCMV）. This algorit hmis capable of adj usti ng the weights of t he an-
tenna array i n real ti me to respond to and i mprove the global positioni ng system（GPS）received signals
coming fromthe desired directions and at t he same ti me to highly suppress t he j ammers coming fromthe
other directions . The si mulation is perf or med for fi xed and movi ng j ammers . It i ndicates t hat t his struc-
ture can give deeper nulls，more than 115 dB depths f or fi xed j ammers and more than 94 dB depths f or
movi ng j ammers .
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一种利用功率反演和线性约束最小方差算法的自适应天线. E . A. MOHAMED，谈展中. 中国航
空学报（英文版），2005，18（2）：153 -160 .
摘 要：介绍了一种新的基于功率反演和线性约束最小方差的算法，以高度抑制GPS 接收机的干
扰信号。这种结构通过提调整天线阵列的权值，实时地接收并改变来自各方向的GPS 信号，同时
对不同方向的干扰信号有高的抑制比。对固定和移动的干扰都做了仿真，仿真表明这种结构有很

深的零点，对固定干扰信号的抑制比可达到115 dB，对移动干扰信号的抑制比可达到94 dB。
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Nowadays，t he global positioni ng system
（GPS）receiver is wi dely used i n many civilian and
military applications . I nterf erences f rom the radar
systems and other devices aff ect t he civilian use，

and other wise t he i ntentionally used j ammers aff ect
t he military use . So i ncreasi ng t he protection a-
gai nst i ntentional and uni ntentional i nterf erences is
reCuired . GPS signal which reaches t he receiver is
belowthe t her mal noise power by about 30 dB. Al-
t hough the GPS uses DSSStechniCue，it is vulner-
able to high power j ammers li ke CW，FM，pulse，

and noise . Adapti ve antenna is suitable to be used
to cancel t hese types of j ammers，and it utilizes t he
techniCue of cancellation based on deter mi ni ng t he
j ammer directions li ke MUSI C algorit hm Ref .［1］

or PI Ref .［2］. The mai n purpose of adapti ve an-
tenna is to reduce t he j ammer si gnals up to a level
so t hat t he spread spectrum mechanismcan extract

t he si gnals . This paper will i ntroduce a new
method based on PI and LCMV algorit hms f or
j ammer suppression . PI serves as a preprocessor to
detect bli ndly t he direction of t he j ammer and t hen
LCMV constrai ns t his direction to highly suppress
t he j ammer . I n addition，it can control t he null
dept h f or t he j ammer as well as controlli ng t he gai n
f or t he usef ul si gnal .

1 Power Inversion Algorit hm

PI algorit hmis first i ntroduced by Refs .［3-5］

and discussed i n detailed i n Ref .［2］. PI algorit hm
is suitable when the si gnal to i nterf erence ratio is
very low. Exactly t he same sit uation will happen
when GPSreceiver is i nterf ered by j ammer si gnals .
This algorit hmis a modified version of t he LMSal-
gorit hm. In LMSthe opti mum weight is given as

!0 = "-1#$d （1
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R = e［X（t ）X （t ）］ （2）

rXd = e［X（t ）d !（t ）］ （3）

y（t ）= X（t ） w （ ）

X（t ）=［x 1（t ） x 2（t ） ⋯ x M（t ）］T（ ）

X（t ）= "
g

i =1
!uimi（t ）+ "

L

k =1
!Jkj k（t ）+ N（t ）

（ ）

!ui = 1 exp - j
2K／si nGui（ ）［ ］R［ ⋯

exp - j
2K（M - 1）／si nGui（ ）［ ］］R

T
（7）

!Jk = 1 exp - j
2K／si nGJk（ ）［ ］R［ ⋯

exp - j
2K（M - 1）／si nGJk（ ）［ ］］R

T
（8）

N（t ）=［1 1（t ） 1 2（t ） 1 3（t ） ⋯ 1 M（t ）］T

（9）

where g + L #M；M t he number of t he antenna
elements as shown i n fig. 1；g t he number of use-
f ul si gnals；L t he number of j ammer si gnals；m（t ）

t he usef ul si gnal ；!ui t he steeri ng vector associated
to t he usef ul si gnal ；!Ji t he steeri ng vector associ-
ated to t he j ammer si gnal ；d（t ）t he ref erence si g-
nal ；X（t ）is M X 1 vector representi ng t he anten-
na array received signal ；N（t ）is M X 1 vector
consisti ng of an i ndependent gaussian noise i nclud-
i ng channel noise，receiver noise and antenna ele-
ments noise；Ris M X M autocorrelation matri x of
t he antenna array received signal ；rXd is M X 1
vector representi ng t he cross correlation bet ween
the antenna array received signal and t he ref erence
si gnal；Gu t he usef ul si gnal direction；GJ t he j am-
mer si gnal direction； t he distance bet ween each
t wo antenna elements .

The feedback loop of t he adapti ve weight is
not shown i n fig. 1 . it consists of an i deal i ntegra-
tor of transf er f unction B／ .

from EC .（3）and EC .（1）it can be seen t hat
t he opti mum weight eCuals zero when there is no
ref erence si gnal .

To prevent t he weight f rom reachi ng zero i n
t he absence of t he ref erence si gnal ，fig. 2 is modi-
fied version of fi g. 1 to meet t he power i nversion
criterion . These modifications are accomplished i n

t wo steps：

fig. 1 Adaptive antenna structure

fig .2 feedback loop of t he power i nversion wit h low

pass filter transfer f unction B
T + 1

（1 ）Replaci ng t he i deal i ntegrator by a low
pass filter of transf er f unctionB／（T + 1），whereT
is t he ti me constant of t he low pass filter .
（2）Addi ng an offset weight after t he low pass

filter and removi ng t he ref erence si gnal d（t ），so
 （t ）becomes eCual to y（t ）.

The opti mum weight is given accordi ng to
Ref .［2］as f ollows：

w = ws -v （10）

where
v=［ 1  2 ⋯  i ⋯  M］Trepresents

t he output of t he low pass filters f rom all t he M
channels .

ws =［ s，1  s，2 ⋯  s，i ⋯  s，M］T

is t he offset weight .
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U =!X ＊（t ）X T（t ）w = "dvdt + v =

w -"dwdt - w s
（11）

ThLs

"dwdt + w s = w -!X ＊（t ）X T（t ）w （12）

At t 一 
dw
dt =0
，so t he opti mLm weight can be given as

w 0 = I -!X ＊X（ ）T -1w s （13）

For noise alone，

w 0 = 1
（1 -!#2n）

w s （14）

X（t ）=［a 1（t ） a 2（t ） ⋯ a 1（t ） ⋯

a M（t ）］Tis M > 1 vector representi ng t he antenna
array received signal ；U is M > 1 vector represent-
i ng t he i npLt voltages to t he low pass filters of all
t he M channels；v is M > 1 oLtpLt voltages vector
to t he low pass filters of all t he M channels；w s is
M> 1 vector of t he offset voltages；!is t he loop
gai n，＊ which appears i n Fig. 2 and is a conj Lgate
operator ；#2n is t he variance of t he t her mal noise；

EC .（14）i ndicates t hat t he opti mLm weight eCLals
to a scaled f actor of w s i n case of noise alone .

in case of GPS receiver ，it is reCLired to re-
ceive t he Lsef Ll si gnal Ln-attenLated fromall direc-
tions . So if w s =［1 0 0 ⋯0 ］Tis chosen，t his
will gi ve a CLiescent pattern si milar to t hat generat-
ed by isotropic antenna .

2 Pi wit h LCMVStrLctLre

Consi der a li near array of M Lnif or mly spaced
elements whose oLtpLts are i ndivi dLally weighted
and t hen sLmmed to prodLce t he beamfor mer oLt-
pLt y（t ）= X（t ）~w .

The mai n obj ecti ve of LCMV is to mi ni mize
t he mean sCLared oLtpLt E（ $（t ） 2）sLbj ected to
a set of li near constrai nts on t he weight vector w ，

min \ $（t ）\ 2 = minw ~Rw （15）

sLbj ected to
C ~w = f

The solLtion to EC .（15）is
w 0 = R -1C［C ~R -1C］-1f （16）

When there is no Lsef Ll or j ammer si gnal and only

Lncorrelated noise exists，EC .（16）can be written
as

w C = C［C ~C］-1f （17）

where w C is t he CLiescent weight ；R is given by
EC .（2 ）；The total i npLt si gnal to t he antenna is
given by EC .（6）；C is M > K matri x，and all of
its colLmns are li nearly i ndependent ；M is t he
nLmber of antenna elements；K is t he nLmber of
constrai nts；f is K > 1 response vector .

Nor mally K ＜M . if K = M，t his leads to
t hat t he weight vector w can be deter mi ned only by
t he constrai nts and no degrees of f reedomare avail-
able to data adaptation . if K＞M，t his means t hat
t here is no enoLgh weights satisf yi ng t he con-
strai nts . if it is reCLired to constrai n t he known di-
rections of t he Lsef Ll and t he i ntentionally j ammer
si gnals to be wit hi n certai n valLes，t he LCMV
mini mize t he total oLtpLt power sLbj ected to mai n-
tai n t he directions of t he Lsef Ll and t he i ntentional-
ly j ammer si gnals to be wit hi n t he reCLired valLes .

So if any j ammer si gnals come from the Ln-
known directions t he LCMV will assi gn new nLlls
to it Refs .［6，7-8］.

The constrai nt part of EC .（15）can be written
as
［C ~L C ~J ］w =

［f L1 f L2 ⋯ f LZ f J1 f J2 ⋯ f J（K -Z ）］
T

（18）

whereC L =［u（$1） u（$2） ⋯ u（$Z ）］is M >
Z matri x representi ng t he Lsef Ll si gnals vectors .
where

u（$i ）=  i（t ）!Li ，i = 1，2，   ，Z （19）

C J =［J（$Z + 1） J（$Z + 2） ⋯ J（$K）］is t he M
>（K -Z ）matri x representi ng t he j ammer si gnals
vectors which is come fromthe known i ntentionally
j ammer directions .

The j ammer si gnals’vectors can be written as
J（$a ）= J a（t ）!Ja ，a = Z + 1，Z + 2，   ，K

（20）

if it is reCLired to wi den t he region aroLnd the
angle，it is reCLired to correspond to t he j ammer
comi ng from$Z + i direction，i = 1，2，   ，K -Z .
The constrai nt matri x and t he response vector can
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be written as f ollows
CJ =［J（!z +1） ⋯ J（!z +i ~ !!）J（!z +i ）

J（!z +i + !!） ⋯ J（!K）］

f=［f u1 ⋯ f uz f J1 ⋯

f Ji ⋯ f J（K~z ）］
T

LCMvcan not assi gn deep nulls to t he j ammer di-
rections if t hey are not known i n advance . Also t he
shape of t he antenna power pattern will not give
exact i nf or mation about t he directions of t he j am-
mers . from the discussion i n section 2，PI has a
Cuiescent pattern as an isotropic source，so it can
give exact j ammer directions but t he dept hs of t he
nulls are very low.

Deali ng wit h GPssignals，t he satellite and t he
user directions are known，t hen t he usef ul si gnal
directions are exactly known，but t he j ammer si g-
nals directions are unknown . ~ence to deal wit h
t he above problem，t he proposed struct ure i n fig. 3
is used and based on three steps：

fig. 3 PI wit h LCMv（PI LCMv）structure as j am-
mer suppression for GPsreceiver anti j amming

（1 ）Use PI as a preprocessor to detect t he
j ammer si gnals directions .
（2）Construct t he constrai nt matri x C which

contai ns bot h t he usef ul and t he j ammer si gnals di-
rections .
（3）Usi ng LCMvto deal wit h t he usef ul si g-

nals and t he j ammers f rom known directions .
for adapti vely calculati ng t he weight vector ，

t he Lagrange multi plier is used to change t he con-

strai ned EC .（15）to unconstrai ned one，t hen，

@ = w~Rw+ !~（C~w~ f）+（w~C~ f~）!
（21）

Mini mizi ng t he output power means taki ng t he
gradient of EC .（21）wit h respect to w~and eCuat-
i ng t he result by zero .

"@
"w~ = 2Rw+ 2C!= ! （22）

where !is K X 1 vector .
Utilizi ng t he steepest descent techniCue to it-

erati vely update t he weight vector ，

w（k + 1）= w（k ）~ "
"@
"w~ （23）

Usi ng both EC .（22）andf=C~w（k + 1）which is
t he constrai nt part of EC .（15）i n EC .（23），!can
be obtai ned as

!= 1
"
［［C~C］~1CT（I~ "R）w（k ）~

［C~C］~1f］ （24）

Usi ng EC .（24）i n EC .（23）

w（k + 1）=aw（k ）~ "aRw（k ）+ wC =
a（I~ "R）w（k ）+ wC （25）

a=［I-C［C~C］-1C~］is t he proj ecti ng matri x
which proj ects（I-"R）w（k ）to t he（M-K）- di-
mensional subspace ". This subspace passes
t hrough the ori gi n and parallel to t he（M-K）- di-
mensional weight vector hyperplane #. The or-
t hogonal matri x a will cancel any component per-
pendicular to ".

wC=C［C~C］-1fis f ound i n t he K- di men-
sional constrai nt subspace which is t he span of t he
constrai nt vector and ort hogonal to # . wC is t he
shortest vector ter mi nati ng to # .

Consi deri ng t he i nstantaneous value of t he au-
tocorrelation matri x so t hat R= XX~，EC .（25 ）

can take t he f or m
w（k + 1）= a（w（k ）~ "X（k ）y（k ））+ wC

（26）

y（k ）= w~（k ）X（k ）O
It is clear t hat EC .（26）represents t he LMs algo-
rit hmif aand wC are eli mi nated .EC .（26）can be
represented geometrically Ref .［9］i n fi g. 4 .wC is
represented by OB . It also can be given by GF
which is parallel to OB O OP represents t he weight
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vector at iteration k . PD represents t he value
-!!（k ）y（k ）."（k ）-!!（k ）y（k ）is repre-
sented by OD，Which is t he Weight vector at itera-
tion k + 1 i n case of LMSalgorit hm.

Fig. 4 0peration of LCMV

Accordi ng to Fig. 5，"LMS（k + 1 ）Will not
ter mi nate to !. To make "（k + 1 ）all t he ti me
satisfies t he constrai nt condition，it must be pro-
j ected on " and t he Cuiescent Weight must be
added to t he proj ecti ng vector .

OG is represented by #（"（k ）-!!（k ）·

y（k ））；OF = OG + GF ；OF ="（k + 1）is given
by EC .（26）and ter mi nates to !.

3 Si mulations

Computer si mulations are perf or med usi ng 13
elements unif or m li near arrays arranged i n t he y -
axis Wit h elements spaced half Wave lengt h apart .
There are si x usef ul GPSsignals，each Wit h poWer
-165dBWcomi ng from directions［0 15 30 
45 60 -36 ］. TWo j ammers come from di-

rections［47 -38 ］. The j ammer comi ng from
47 has poWer - 120 dBWand the ot her comi ng
from -38 has poWer -100 dBW. Si mulation is
perf or med usi ng 200 snap shots . Five cases are
si mulated .
（1）The reCuirement is to achieve t he distor-

tionless response i n t he directions of t he usef ul si g-
nals and null t he j ammer comi ng f or mthe fi xed di-
rections . ConseCuently t he constrai nt response can
be given as$=［1 1 1 1 1 1 0 0］T，and
t he constrai nt matri x takes t he f or m

［u（0 ） u（15 ） u（30 ） u（45 ） u（60 ）

u（~ 36 ） J（47 ） J（~ 38 ）］.
The poWer pattern levels f or t he desired and t he
j ammer si gnals f rom Fig. 5 are summarized i n
Table 1，i n case of usi ng PI algorit hm alone . It is
clear t hat t he maxi mum diff erence bet Ween the
highest level f or t he desired directions and t he loW-
est level f or t he j ammer directions is 36 dB. In case
of PI LCMV，t he diff erence bet Ween all of t he
desired si gnal directions and j ammer from direction

（a）poWer inversion algorit hm（PI A）

（b）PI A With LCMVstructure（PI LCMV）

Fig .5 Antenna array poWer patten

Table l Pl against Pl LCMvin case of distortionless
response and nulling the jammer direction

Angle in degrees
"／（ ）

PoWer pattern
level PI／dB

PI LCMV／dB

0 1 .06 0

15 0 .7 0

30 0 .5 0

45 -5 .6 0

60 1 .14 0

-36 -4 .8 0

47 -14 .7 -123 .2

-38 -34 .86 -115 .6
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47 is 123. 2 dB and from direction -38 ，115. 6
dB.
（2 ）The reCuirement is to achieve controlled

response f or t he usef ul and t he j ammer si gnals . it
is assumed that t he j ammers come f or mfi xed direc-
tions . The response vector is

!=［! ! ! ! ! !1 1 1 1 1 1 
 .   1  .   1］T

This response vector assures t hat t he antenna must
has 1 dB gai n i n t he directions of t he all t he GPS
usef ul si gnals . it guarantees t hat t he null dept h
corresponds to directions 47 and -38 to be -8 
dB. it is obvious f rom fig. 6 and Table 2 t hat t he
antenna power pattern achieves t he constrai nts ex-
actly .

fig. 6 Antenna array power pattern Pi LCMVstruc-
ture i n case of controlli ng the desired direction
gai ns and the j ammer direction null

Table 2 Summarizing the pOwer patten levels Of fig.6

Angle in degrees
!／（ ）

Power pattern level
Pi LCMV／dB

 1 
15 1 
3 1 
45 1 
6 1 
-36 1 
47 -8 
-38 -8 

（3）The reCuirement is to achieve distortion-
less response i n t he directions of t he usef ul si gnals
and null t he movi ng j ammers’directions . So the
constrai nt matri x is given as
［ （  ）  （15 ）  （3  ）  （45 ）  （6  ）

 （ 36 ） ⋯ ⋯ J（46 ）J（47 ）J（48 ）

J（ 39 ）J（ 38 ）J（ 37 ）］

and t he response vector is given as
! ［1 1 1 1 1 1       ］T

in si mulation t he t wo j ammers are carried by t wo
airplanes 6  km distance f rom the antenna . Both
airplanes move wit h one Mach speed . one degree
movement by t he airplane corresponds to 3 . 7999
s . The si mulation is done wit hi n 23 s by 1. 7 G~Z
Penti um i V computer . The constrai nt matri x is
constructed to achieve 2 null wi dt h f or bot h j am-
mers to assure t hat t he j ammers’directions lie i n-
si de t he null .

fi g. 7 ill ustrates t he power pattern levels f or
each direction given by t he constrai nt matri x .
Table 3 summariZes t he power pattern levels f or
each direction given by t he constrai nt matri x . it is
obvious f rom Table 3 t hat t he diff erence bet ween
all t he usef ul si gnal directions and t he j ammer from
47 ranges bet ween［94. 67：94. 74］dB.

fig .7 Antenna array power pattern i n case of usi ng Pi-
LCMV with t wo movi ng j ammers

Table 3 Summarizing the pOwer pattern levels Of fig.7

Angle in degrees
!／（ ）

Power pattern level
Pi LCMV／dB

  
15  
3  
45  
6  
-36  
46 -94 .73
47 -94 .67
48 -94 .73
-39 -1  .6
-38 -1 1 .66
-37 -1 2 .8

The diff erence bet ween the desired si gnals and
t he j ammer from - 38 ranges bet ween［1  . 6：

1 2. 8］dB. it is clear t hat t he proposed struct ure
achieves t he constrai nts and highly suppresses t he
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movi ng j ammers . Also t he suppression takes i nto
consi deration of any miss track given by t he PI .
（4）The reCuirement is to achieve 10 dB gai ns

f or t he usef ul si gnals and f null of dept h -80 dB
i n t he movi ng j ammers’directions . The response
vector t hat achieves t he above reCuirements is

! ［! ! ! ! !10 10 10 10 10

!10 ⋯ ⋯0 0001 0 0001
0 0001 0 0001 0 0001 0 0001］T

and the constrai nt matri x is given as
［ （0 ）  （15 ）  （30 ）  （45 ）  （60 ）

 （736 ） ⋯ ⋯J（46 ）J（47 ）J（48 ）

J（739 ）J（738 ）J（737 ）］

It is clear f rom Fig. 8 and Table 4 t hat t he
proposed struct ure achieves t he reCuired constrai nts
exactly .

Fig. 8 Antenna array power pattern i n case of usi ng PI
LCMV with t wo movi ng j ammers and controlli ng
the desired and j ammer directions

Table 4 Summarizing the pOwer pattern levels Of fig.8

Angle in degrees
!／（ ）

Power Pattern Level
PI LCMV／dB

0 10
15 10
30 10
45 10
60 10

-36 10
46 -80
47 -80
48 -80

-39 -80
-38 -80
-37 -80

（5）This case is exactly li ke Case（1），but af-
ter constructi ng t he constrai nts matri x a new j am-

mer of power -110 dBWfrom direction -18 is
ill umi nated . Fig. 9 ill ustrates t he behavior of t he
proposed struct ure . Table 5 i ndicates t hat a new
null of dept h 57 dB is generated at -18 to cancel
t he j ammer .

Fig. 9 Antenna array power pattern i n case of usi ng
PI LCMV when a new j ammer from direction
-18 is illuminated after updati ng the constrai ns
matri x by PI A

Table 5 Summarizing the pOwer patten levels Of fig.9

Angle in degrees
!／（ ）

Power pattern level
PI LCMV／dB

0 0
15 0
30 0
45 0
60 0

-36 0
47 -110

-38 -114
-18 -57

4 Conclusions

PI is one of t he best methods usi ng f or GPs
anti-j ammi ng . But when the i nput j ammer to de-
sired si gnal ratio is not very high，t his leads to bad
output si gnal to noise ratio . LCMV with constrai nt
of t he j ammer direction gives a very good result f or
j ammer suppression，but i n case of GPs the j am-
mer direction is unknown . so the proposed struc-
t ure utilizes t he power i nversion as a pre- processor
to update t he constrai nt matri x by t he j ammer di-
rection . LCMV mini mizes t he total output power
subj ected to constrai ni ng both t he desired and t he
j ammer directions . The si mulation takes all t he
possi ble sit uations i nto consi deration li ke t wo fi xed
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j a mmer，and t he response vector constrai ns t he
usef ul si gnal to be unity or specific values and t he
j ammer si gnals to be zeros or specific values . TWo
movi ng j ammers Wit h constrai nt of t he usef ul and
j ammer si gnals take certai n specified values . The
eff ect of a neW j ammer appears after updati ng t he
constrai nts matri x by t he PI A is i ntroduced . All
t he si mulations i ndicate t hat t he proposed struct ure
is more efficient t han t he poWer i nversion alone .
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专注于微波、射频、天线设计人才的培养 易迪拓培训
网址：http://www.edatop.com  

 

如 何 学 习 天 线 设 计 

 

天线设计理论晦涩高深，让许多工程师望而却步，然而实际工程或实际工作中在设计天线时却很

少用到这些高深晦涩的理论。实际上，我们只需要懂得最基本的天线和射频基础知识，借助于 HFSS、

CST 软件或者测试仪器就可以设计出工作性能良好的各类天线。 

易迪拓培训(www.edatop.com)专注于微波射频和天线设计人才的培养，推出了一系列天线设计培

训视频课程。我们的视频培训课程，化繁为简，直观易学，可以帮助您快速学习掌握天线设计的真谛，

让天线设计不再难… 

 

HFSS 天线设计培训课程套装 

套装包含 6 门视频课程和 1 本图书，课程从基础讲起，内容由浅入深，

理论介绍和实际操作讲解相结合，全面系统的讲解了 HFSS 天线设计的

全过程。是国内最全面、最专业的 HFSS 天线设计课程，可以帮助你快

速学习掌握如何使用 HFSS 软件进行天线设计，让天线设计不再难… 

课程网址：http://www.edatop.com/peixun/hfss/122.html 

CST 天线设计视频培训课程套装 

套装包含 5 门视频培训课程，由经验丰富的专家授课，旨在帮助您从

零开始，全面系统地学习掌握 CST 微波工作室的功能应用和使用 CST

微波工作室进行天线设计实际过程和具体操作。视频课程，边操作边

讲解，直观易学；购买套装同时赠送 3 个月在线答疑，帮您解答学习

中遇到的问题，让您学习无忧。 

详情浏览：http://www.edatop.com/peixun/cst/127.html  

 

 

13.56MHz NFC/RFID 线圈天线设计培训课程套装 

套装包含 4 门视频培训课程，培训将 13.56MHz 线圈天线设计原理和仿

真设计实践相结合，全面系统地讲解了 13.56MHz 线圈天线的工作原

理、设计方法、设计考量以及使用 HFSS 和 CST 仿真分析线圈天线的

具体操作，同时还介绍了 13.56MHz 线圈天线匹配电路的设计和调试。

通过该套课程的学习，可以帮助您快速学习掌握 13.56MHz 线圈天线及

其匹配电路的原理、设计和调试… 

详情浏览：http://www.edatop.com/peixun/antenna/116.html 
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专注于微波、射频、天线设计人才的培养 易迪拓培训
网址：http://www.edatop.com 

 

关于易迪拓培训： 

易迪拓培训(www.edatop.com)由数名来自于研发第一线的资深工程师发起成立，一直致力和专注

于微波、射频、天线设计研发人才的培养；后于 2006 年整合合并微波 EDA 网(www.mweda.com)，

现已发展成为国内最大的微波射频和天线设计人才培养基地，成功推出多套微波射频以及天线设计经

典培训课程和 ADS、HFSS 等专业软件使用培训课程，广受客户好评；并先后与人民邮电出版社、电

子工业出版社合作出版了多本专业图书，帮助数万名工程师提升了专业技术能力。客户遍布中兴通讯、

研通高频、埃威航电、国人通信等多家国内知名公司，以及台湾工业技术研究院、永业科技、全一电

子等多家台湾地区企业。 

 

我们的课程优势： 

※ 成立于 2004 年，10 多年丰富的行业经验 

※ 一直专注于微波射频和天线设计工程师的培养，更了解该行业对人才的要求 

※ 视频课程、既能达到了现场培训的效果，又能免除您舟车劳顿的辛苦，学习工作两不误 

※ 经验丰富的一线资深工程师主讲，结合实际工程案例，直观、实用、易学 

 

联系我们： 

※ 易迪拓培训官网：http://www.edatop.com 

※ 微波 EDA 网：http://www.mweda.com 

※ 官方淘宝店：http://shop36920890.taobao.com 

 

 
 
 
 
 
 
 
 

 

 

 

  




