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Effect of Mutual Coupling on the Capacity of Indoor
MIMO Wireless Channels
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Abstract Antenna mutual coupling (MC) is considered and the general coupling coefficients matrix from the
equivalent network model of the multiple-antenna is obtained. Indoor multiple input multiple output (MIMO)
wireless channel model is extended by using mutual coupling compensation method, and the effects of MC on the
capacity of indoor MIMO channels are analyzed numerically. The conditions that MC has no effect on the spatial
correlation are identified. Simulation results show that MC can cause the antenna pattern distortion which brings

angel diversity and low correlation so as to improve channel capacity.

Key words channel capacity, mutual coupling; multiple input multiple output;

BEERE S ITHE H MM S RERFERFE/
BRI, REATHEERGRNY, RETH
BHRAEWMIMOL L FER NN —EER
%, EHQEERZENZRHEEZURBERES
MR, NTTZWERN SR E T %, X
MIMOfF BRI EA T 2. CHR[2]4 H THRE
SMIMOTC& A5 K TR X R A B KW,
SHRBIRIE T £ TSR LN ERIMIMOEER
BHEW; AR T EMIMIMOE R REH
BESTREEEW. XETFRBEEITKE
FRER AT R R B IT R AR E AR R
W, BTRAEE B R R B TS [ A A M
BEEHE, FRRAAWEEAIELES. 6]

BB #: 2008 - 03 -05: BB 2008-09-17

spatial correlation

X EHE M EAMMORFEHF ML ERRKIE, B
2T B TR 44 PR B T SRR 45 4. TG 1A B ELRR R
ZRMIMOfFER BT M.
EXNTRALERHE, FREREMLHE,
BUERERKFRMERT, FHERBERY
FERE; FERH EARAMER ARG R Z AMIMOE LR
HEEMAMR, STKLETRNIRANEA
MIMOE & {7 E ¥ BRI M

1 {FiEER
FREENBELRER, REFEA. A
YR, AU EREY EMEES SAMR

RHR. ZRREETAERE, ERERHRZRE
RAHEA A 15w,

ELTH: BFR973” HREE(008CBI17109); [ EHEEEHFM B0991241); ER BREIFEL(60572054)
EERI: HEHK1976-), 8L, BIKE, TEAFF—ALRERRIMMOGEERE. FUAT. FERBRARRTEFENHA.



494 HTFREXEER #38%
i ¢ i . . , .
f‘\/ :‘j/ V= —hdy —hzy =iz, =iy gy V)
1 1
t ] - i e o
PG Vy=ohinmhzp —emizy, e +v; ()
Y ~. .

-—— Vy =—hZy, =z, = t,z,,, se—iyZyy +Vy

3] %*}E’éﬁ

RERTAOER, FAZKESREENRE
BERFN:

';mhmmwmwﬁﬁ'

, JP
)= ;gz (¢)m, (¢fk Ju(d, )\ P(¢) o

PRACACHICONZD)
L' |

Kb u(g,) HBAIMRE S, FRIEHIREEIA M
(REBEA): w(d)=f,(g ) misddit | Hgy
HEEE: £(4,) AESRIMEE RN, k RABHREHE;
d RAHBHREZEMERE: g(4) AREET
M FE: P(g) A& IThEIEPAS).
EXERBREBWUE S EHAREN:

R=ﬁ%{hWW@V@M¢ @

RKeh P AP NEm BRANE n B RBH K
BHTHIE,
ERETRERT, BERERREAN TN

& MR R I 2T R,
wo oz, 5l 2
l va § Zy J2 é 22
OV ¥ BAS
SR " N
. E . g . i .
Ve 3 Zw J : Z

B2 #UERZRAOFHNELY

BH, z,,,z,,, -, 2,y ARBHER, z,,z,,
oz ARG BB ERERE TR SE
BTGB, ,v,, - Vi Y FHER T REFIR
KETT. RFREETEEFR, HANTHELW
AREREE . HRERHES HE. Bt 5 mE2
FiR. B R BETRRN:

Kf V(=12 N)ARBRITHREE, B
REFFEREEE. faREiRnE.

v, =iz, j=12,---N @
HROHRAKEA), B

v =, +7,'7)v (5)

R VARBSTFRBERE: v AREABE

B I,k NERAERE: AT 7,0

AR, HXTAITTE 2, ,2,,, 0, 2z IHAEEH.
BEfESRERENR:

v, =(I, +z;'z,)"v 6)

®C ARLZETRIMBS REERE, B4

v, =Cyvr )

KF v AEERTENERGESHERE; v°X

ve=(I,+7,'7)" ®

X, AAERE, KXXATEIRLERAR
ZgsZgs s Iy o VERARNTERTHERES
HERR, HR6)H:

[C -ty +5'D Uy +5'2) p" =0 ©
EHERO), THBEREERN:

C, =diagRand)Iy +2;'2)"' U, +7'2,) (1)
KA diagRand) HFEVL AHERE . #4E Kronecker
B E™, #9HSERMEE R, RIFERE
43 B8

R =C,RC! R =C'RC, an
Kb €. C AN, BRMEAEERE, BREN
.

EBREBLTTRERE W, XE6IFHS

MOS)/J\REE%E’JEWHE&&%E%:

J_RfG ' R'GR (12)

KXF G . GAHAMxS. SxN HMHILFES
WMAMBELEM:; R R\ REAMNAZERETER
Bon . R R KBS AR ER. BT
ERARNTS, BUEFERERBTE. B
REHAR—AFREKMILE, BHANES &
MK RO ERESREEX, RATFRSHE,
S=Alp-A)(u=ZA), KH, AXHEZR, whil
TR, ERELERFR TNLOSSH, EFEH SH(LOS)



a3

HiEghk % REEHNEAMMOELSEARNE W 495

BtESL, BEARKST BB AL,
AT HELOSK ERIZ W, A ICRAER61F T
EERWMLFHER: H? KIAHK, BORE
EEMRMAMT, SR ALREMNEERRNEWH,
AT R RE BN, AXNEREHND
REZEMER, LEXENLOSHILOS, BEIF%
FIZEAGERER. :
H=aH?® +bH* (13)
Xf HYMHEGINIEEEEMER>BAK
Bk, oMb HBAEHRSBREHIEREN
Hl, P+ =1@>0,b>0),

2 ERE
BREHNDEZR, BT RATAMERE
RE, FEREDEHIHE, WHFEARH:

C =log, det(I,, + %HH") (14)

AP I, hMxMBERLERE: o AENERE
BAEHERLE, EARH RR{AEHEE. BR)13)
RARQHF, A

C =log , det{I,, + %{sz“(H")“ +
Qb[H*(H®)" + H? (H)* ]+ H? (H®)"}} (15)
3 BUEER

fFERFRR—AHVZLR, &/R100 00X,
BEZAMMORLEHAEMBEILE R, FH%IL
10 dB, BRMRL AR RN IR 61H B2,
KPR 2, B B R AR 121 %, 7, A f
B REREBRTHARETHN0 Q, R
BRI BR T %, REHRNRXEHAR,
KB ITIAE H0.561. (BEFIRIRE “ZHER”
B () 2% 5 R SCHR[6) P A R )

E3AE4RI%RE. TEH, EHEMSH
HEBRARK, FEARRBSHFRESES R
AT AN XRER., NE3HEITER, 4
B RESRRE, BHEMEMLEIRR, i
RERK, XEFENEHESEER, LT REN
CAME B RIARLLE, ATIRRE(E S A, RN
ETUEN, % RO CER6)F B8 BN
FHABHFER A, UK EEMHXRETE
W, EXREEBREREC, AHERMER6)F R
B E AR I A S RO e A RV, B4, #
HME&GTF, £ELBIMEELLICHR6]P B LR
MHEEFBNERK, BERIBHRLEH HEH

AT e SRR, NIRRT AOARR
HHEREEEER,
1. T —

o (4
s R

FRORBS WA
o

—— B HIE 0.6, 508
—B—- 5B HH 08, 6=06|
—0— ZM H #% 0=0.8, 506
—*— B E % 0.6, 6=0.8

o
L

6 8 io Il2 i4 {6 i8 20
/b5 He?
B3 RX&¥E3<3 HY %KX, X
MIMOfEE AR RN ARt

1.0 : —

o 4
o o0

FRORBSHERN
=
-

o
)

—+~ZREH a06,5038
S ZBEMH 08,506
& BME 08,506
- B a=0.6, 508 |

08 s 10 2 @ 16 18 2
% ¥bs He?
B4 R&EFH3I3, H?HK, ER

MIMOfE B2 BEA i thik
4 4 it

AXNTEMERE R, FERLRRWTE,
BUEZREFALHFAEHEY, FHERBERE
. MATLRIMERARER T ENIMIMOEL 3
HEERERR, ST REETENERNE
AMIMOL & FEABINE M. HRATRARIEE
X EEMAXUEE MO FG, REBELART
EHEMGEARNEREKR, BERIENRL)
16] R AR BT e P A AR BE AR O OR, T R AR
MAXHHIREEENER.

AXMBIR TR T AREEEEREAE
AR F (10903 %8, TERFRBR!

(FH#E5875)




B4

WHEF % EFS-3PAKEUMYMIRAN T 587

three-party  pairing-based  protocol for  password
authenticated key exchange[J]. Information Sciences, 2007,
177(6): 1364-1375.

[11] LU Rong-xing, CAO Zhen-fu. Simple three-party key
exchange protocol(J]. Computers Security, 2007, 26(1):
94-97.

[12] ABDALLA M, POINTCHEVAL D. Simple password
based encrypted key exchange protocols[C]/Proc of
CT-RSA 2005, LNCS 3376. Berlin: Springer-Verlag, 2005:
191-208.

[13] CHUNG Hao-rung, KU Wei-chi. Three weaknesses in a

simple three-party key exchange protocol[J]). Information
Sciences, 2008, 178(1): 220-229.

[14] 3% 3% BRASH AL D G —2M]. LF#
X FFRH, 2007, 36(3): 617-620

ZHANG Jing. Unified modeling of the intruder’s attack ability
based on the protocols(J]. Joumnal of University of
Electronic Science and Technology of China, 2007, 36(3):
617-620.

it

H B RE

(EIEE495T)

8 % X #

[1] YANG SHI-WEN, NIE ZAI-PING A review of the four
dimension antenna arrays[J]. Journal of Electronic Science
and Technology of China, 2006, 4(3): 193-201.

[2] WALDSCHMIDT C, HAGEN J V, WIESBECK W.
Influence and modelling of mutual coupling in MIMO and
diversity systems[C]//Proc IEEE Antennas and Prop Soci
Inte Symp. San Antonio, Texas: IEEE, 2002.

[3] FLETCHER P N, DEAN M, NIX A R. Mutual coupling in
multi-element array antennas and its influence on MIMO
channel capacity[J]. Eletronics Letters, 2003, 39(4):
342-344.

[4] CLERCKX B, VANHOENACKER J D, OESTGES C, et al.
Mutual coupling effects on the channel capacity and the
space-time processing of MIMO communication

systems{C})//Proc IEEE Inte Conf, Commun (ICC.’03). [S.L]:

IEEE, 2003.

[5] Bk, RAF, it EBGETHS REARMERE
EEHRI]. € FHLKXFF4R, 2008, 7(1): 11-13.
XIAO Hai-lin, NIE Zai-ping, YANG Shi-wen. Optimize the
capacity of multi-antenna in fading channels [J]. Journal of
University of Electronic Science and Technology of China,
2008, 37(1): 11-13.

[6) B ik, RAEE, HEL. TAMMORLEH: MY A
HAETRB). A FR, 2007, 27(3): 385-389.

XIAO Hai-lin, NIE Zai-ping, YANG Shi-wen. Indoor
MIMO wireless channels: Models and performance

prediction[J]. Chinese Journal of Radio Science, 2007, 27(3):

385-389.

[7]1 GUPTA 1 J, KSIENSKI A K. Effect of mutual coupling on
the performance of adaptive arrays[J]. IEEE Trans Antennas
and Propagation, 1983, 31(5):785-791.

[8] CLERCKX B, CRAEYE C, VANHOENACKER J D, et.al.
Impact of antenna coupling on 2 S$times$ 2 MIMO
communications [J]. IEEE Transactions on Vehicular
Technology, 2007, 56(3): 1009-1018.

[9]1 YANG Yao-ging, XU Guang-han, HAO Ling. An
experimental investigation of wideband MIMO channel
characteristics based on outdoor non-LOS measurements at
1.8 GHz[J)]. IEEE Transactions on Antennas and
Propagation, 2006, 54(11): 3274-3284.

[10] PAPOULIS A. Probability, random variables and stochastic
processes{M]. 2nd ed. New York: McGram Hill, USA,
1984.

[11] FOSCHINI G J, GANS M J. On limits of wireless
communications in a fading environment when using
multiple antennas[J]. Wireless Personal Commun, 1998,
6(3): 311-317.

[12] XIN LI, ZAI-PING NIE. Mutual coupling effects on the
performance of MIMO wireless channels[J]. IEEE
Antennas and Wireless Propagation Letters, 2004, 3(16):
344-347.

[13] CHIU C Y, CHENG C H, MURCH R D, et al. Reduction
of mutual coupling between closely-packed antenna
elements[J]. IEEE Transactions on Antennas and
Propagation, 2007, 55(6): 1732-1738.

OB B4



LI A, R AA TR
[44ik:  http://www.edatop.com

mE 3 X &Kt

REVTH IR MRR =, EVFZ TR AN, AR SE b LA sk br AR th e Bevh R AR

/D FH 23X 28w PR A R

SEbr b, BATH G ZEARAG B A IR Z M A RN, B T HFSS,

CST #f i WA sl ol LA e v Y TAE PR fE R A7 A 2R 2k
Zy it (www.edatop.com) i T B AURUR e e vk AA IO IR, #fEd T — REIR L it By
YIRIERE . BATRRBE VIR, (BN, EMS Y, Al A B S PRt oy 5] B4R R BEvt () B0

ERE AT AR

i O

Ansys fFsS

FEETES ] \\
¥V A '.h\"'.
¥ty
sy PR

——

HFSS X% i&itiEilIRIEER
BRAE 6 TR 1 AEHS, SRERAMILAETRE, PR,
BASAARNSSR R E UM 4 &, ST R A VIR T HFSS R &1
St . SEE A EAT . BN HFSS R VETHRRE, nl LB R
TR ) AR AR HESS BRAFEAT REBeTh, ih REEBIEA A+
BAEMAE: http://www.edatop.com/peixun/hfss/122.html

CST RZ&&IHSUIFIIIRIEE R

ERAT 5 NHPUEIREE, haBRFEERLRRR, BAERHBEN

FIFUR, A1 R G ) B4R CST fik TAE = M Zhse R FIHE ] CST
e TAR S AEAT R vt SEprd FEAN R AR R A . AUBTRAE, 14441
YHE, HA S WK AN 3 N AELARE, s>
BRI ), AR ST

PERBWE: http://www.edatop.com/peixun/cst/127.html

seaEI

-l

13.56MHz NFC/RFID Z& B X & iZitigliEiEE LR
ERAE 4 TSR, B UILKE 13.56MHz 25 P8 < 2% Bt I B A4
PRV SCERARSE &, T RS HR T 13.56MHz 2k B R L1 TAE 5
. Bt Wt DL A HESS #1 CST 1 BLAM M2k Bl K £k i
FLARSRE, FIRHEA2E T 13.56MHz 28 1B K25 T e i (6 B R o
AR 2 3, AT LA B s Bk 5] 2 48 13.56MHz 25 il R4k
FCUCHC B F SRR L BV

PEEDIYK: http://www.edatop.com/peixun/antenna/116.html



L. S, REE®I AA 9%
[44ik:  http://www.edatop.com

KT ZidhiFil:

Syt I (www.edatop.com) HH #0445k H TRIFACH — 2k B8 iR TR AR AL, — HBUI &
Fod s S8 REBTHIR AA R FR: 5T 2006 44541 EDA M (www.mweda.com),
PLEA R I [ P S5 K AR SR AR R 2 e vk A A 5 R Rl Y 22 5 S A DL B R 4 Bt 42
SEFYIRFER ADS. HFSS SV AT ERIIURTE, T R& )40 JREE 5 AR A, o
T RRAL A AR AR T 2 AT 15, BN BOT 4 TR ST T 2L BoREE ST . % A M aE I
B RENTE . EABESESFKENME AR, EEE DIVEARTR . AR 42—
TEZREWEHX .

HMNBIRIZME
X ROLTF 2004 4E, 10 ZAEFEE KT ILE
X HETE TR R B TR, o T ATt A A Bk
X OAPRTE. BEREAE] TIIE I IBOR, R BRI 07 R, 27 2] TARPI AR

K AWF RN RRE TR, dachr TREN, B, K. 5%

ERZRIAN:
¥ GlInRE I E M http://www.edatop.com
¥ 1l EDA M:  http://www.mweda.com

¥ B VAT http://shop36920890.tacbao.com





