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HF MIMO System Modeling and its Applicability Analysis

GUAN Jian-xin, ZHANG Jing, DOU Gao-qi
(College of Electronic Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: A high frequency( HF) multiple input multiple output(MIMO) system model is established based on
the existing Gesbert MIMO model . It adequately considers the propagation characteristic of HF communication .
This HF MIMO model is analytical and can be decomposed into the corresponding correlation coefficients matrix
of receiving antennas, transmitting antennas and propagating modes. After sufficient applicability analysis, it is
found that this model shows the same rank as the actual HF MIMO system. This model avoids the complexity and
shortage of directly measuring the HF MIMO channel matrix and can be used to compute the capacity of HF MI-

MO system.
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Fig.1 The principle of HF MIMO system
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Fig.2 The signal paths in HF MIMO system when the transmitting

antennas are adjacent to the receiving antennas
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Fig.3 The signal paths in HF MIMO system when the transmitting

antennas are spaced but the receiving antennas are adjacent

XFFR 3 E (G ERE R LIS

Bt 8t L1

B0, 82,211 F 2 1m 1
H:

b g,

R T

(19)

gnR ’"Tl s t gnR s nT2, np

K, gy i AT R ) AHRICR R @ Z 0] i
Ty AR 52 A el 0, K g R A R b K
AT | R, mb R SR kAR L
Ho S0, fRIEME R g5 o UM R

H=[T, T, - T,] (20)
grml,kl g”"l,kz grml,/an,, g”’kl g’"’”kl,k
grrnz.k1 grmz.k2 g,,nz, i, gmkz g”"“,k
Tk =
8 g g 8m gmlm _
L &M Mok Mty |1 k'"k kmy k|
(21)
i kj, k= &m, Agm,gmt,, . (22)
ik~ hjs k

(2) 3 R 28 B 50 A 0 R 4k [ s [ B A AR T
[ HE MIMO R G571

AR 2 5 O 28 B 50 R 2 W R 2k I ST AT [ B AR
TE, RS- R0 22 1] 1) 388 25 K AN 56, {5 1B 4
P ) BB RN P32 B FAR R BN B m, A2
PR AL 2 A A DG M o X ik Filss O, it LA
TE AR DRI A 38 AR
4.5 AEIEFE HF MIMO {5 B R 4 S Lk

WX b 4 FHIETE 40T, ol B 2515 4k
SRR I AR 2% [ i S 3 ), AN [) SR 2 B A XA
AT B HF MIMO {5 38 55 B 1) Befe i oA i F

Fa

(D) TGS LB R A FRIR R A 510
AR M R 27, B A5 2B 1 /9 HF
MIMO 17 JE A % 5

(2) G S Rk PR 2R D) B AL R BN
HHE, T2 HE MIMO {7 38 S K 2 06 Bk 9, LRk il
B REIH ng B REEH np AL
H m F i/ NEOAE ;

(3)HF MIMO {7 18 %5 PRk 1) fe KA e T 15 4%
BB H m DL AL REAE 2 8] A A DG, X2 Ry
FRATRT AT ] & 55 M A2 R ZR B 9] (f 3% RER B H
PAKAH M) BT

(DBEAFAE m DA AR, A,
MITZER m AN K5 R L e m AN
PIHEISCR A RE AR AR AT B KBk m 11 HF MIMO {5
TEH A 5 AR O S K 2k o WK 2R I T 22 [
FAERIIE IR ATEEE ngonp > m A RESCHLHA e K
FRI {5 1B A0 B 5

(5) 24 % 55 K& M G A S 3 R 4R G ot 2 Al Y

- 1123 -



www . teleonline . cn

CENTIES /N

2013 4F

(] B it , HE MIMO {55 38 R 6 P 4544 K 2245 B
SR A TEREL A PR R LA A S0 5 WA s 14
PTG 1] B AT A 85 R {5 30 A AT B AN 2 BR T 1%
R H m, A 52 IR A R U 56, it m]
JHFi AR R A T A

5 H#RIE

ALFET A B Gesbert MIMO RS, 3456 44
POl 515 3% W45 25, B 37 T— 4 HF MIMO R 4t
Y H XA (38 FPEEA T T 2080 A Wr S0, 1%
BERUFT 7R HE MIMO {5 38 5 [ 1 Bk A (U2 ek
REHEH np K REEHE np AEREREEH m
A BRER, T Lt R R OR 2R M O A DG R R S R AR
FETCAH 56 R B DL B AL 3R A AH 56 RE ) iR, Y
WL B R R B B AR DA R S R S AR R, 1%
HF MIMO R &R 552FR HF MIMO R 48 ({5 B 5
M ELAT AR O R o XA R R A7 30E— 28 i vl
1, T AT LA A $2 AR SR AR S [ A S R R A
W DL B A AR AR A DK B 77 A

XFFFREL HF MIMO FR G 54 T ARSI % i T ik
TR TR U, AR SC IR R (A A L5t 2
AHSR R A RN A S R , 2 7T AT P o S DG >
P A A A R A2 B {5 R P T A —
ANTIRE T ZE o FLo8 A0 a5 e SR DB LA
SRR S B P B 7 2R o MR T L2 I i SR A T
MERRE( RGBT AT 22 1R Ry I i B A 56
R T B — N RS R — AR &R, i e K
LR AL BB R S R R A /NS P IR
LT, (FRA S EH A HF MIMO {538 50 4, )
T BB ) e S R IOR R B e, BT SR FH I R
LRIETTIET X B I (5 R PR BRI S T — A
BRIt A i g T R

SCH S T LR RRBE TS TE B HE MIMO R
GG L KA R (038 F 4307, %o T 58— B A 1
WAL Bk HE— 2550 . S Ah, TR
i 149 R i, A S 3 3k 00 2 T A5 4 4 56 4 4 7= 2E HF
MIMO {55 M 1) 7 A 2 T — B AT W
TR A S, SCR BT AL A HF MIMO R G 1 Y 3
A A5 AE T 0T LA S0 52 R HE MIMO R 4
PR, I EL T R T2 BT 58, AATTT 4RA5
I RAS BT T RE HYARRAE S HE MIMO &R G2y LA
WA XA HF MIMO R4 IX 3| FA% 48 SISO HF %
35 T WA AR A ) R 22— o

- 1124 -

S 3k

[1] Foschini G J. Layered Space-Time Architecture For Wireless
Communication in a Fading Environment When Using Multi-
Element Antennas[ J]. Bell Labs Technical Journal, 1996, 1
(2):41-59.

[2] Telatar E. Capacity of multi-antenna Gaussian channels[ J].
European Transactions on Telecommunications, 1999, 10(6):
585 -1595.

(3] G, m R, iR AL MIMO 58 {5 1 BIF 57 4 Jre
(). AL iREE AR ,2011,51(9):136 - 142.

GUAN Jian-xin, GAO Jun, YE Xiao-hui. Survey on the MI-
MO techniques within HF band[ J]. Telecommunication Engi-
neering,2011,51(9) : 136 — 142. (in Chinese)

[4] Salous S, Feeney S M, Warrington E M, et al. Experimental
investigations of MIMO in the HF band[ C]// Proceedings of
12th IET International Conference on lonospheric Radio Sys-
tems and Techniques. York:IEEE,2012:1 - 4.

[5] Ndao P M, Erhel Y M, Lemur D, et al. First experiments of
a HF MIMO system with polarization diversity[ C]//Proceed-
ings of 12th IET International Conference on lonospheric Ra-
dio Systems and Techniques. York: IEEE,2012:1 - 5.

[6] Sahay S B, Bhagwat K C, Mohan P R J. Exploitation of MI-
MO techniques for reliable HF communication| C] //Proceed-
ings of 2012 International Conference on Signal Processing and
Communications (SPCOM) . Bangalore: IEEE, 2012:1 - 4.

[7]  AlmersP, Bonek E, Burr A, et al. Survey of Channel and
Radio Propagation Models for Wireless MIMO Systems[ J].
EURASIP Journal on Wireless Communications and Network-
ing,2007(1) :56.

[8] Burr A. Capacity Bounds and Estimates for the Finite Scatter-
ers MIMO Wireless Channel[ J]. TEEE Journal on Selected
Areas in Communication,2003,21(5):812 — 818.

[9] Debbah M, Muller R. MIMO channel modeling and the prin-
ciple of maximum entropy[ J]. IEEE Transactions on Informa-
tion Theory,2005,51(5) : 1667 — 1690.

[10] Sayeed A. Deconstructing Multi-antenna Fading Channels

[J]. TEEE Transactions on Signal Processing, 2002, 50
(10) :2563 — 2579.

[11] Chuah C N, Kahn J, Tse D. Capacity of Multi-Antenna Ar-
ray Systems in Indoor Wireless Environment[ C]//Proceed-
ings of 1998 IEEE Global Telecommunications Conference.
Sidney, Australia: IEEE, 19981894 — 1899.

[12] Chizhik D, Rashid-Farrokhi F, Tozano A, et al. Effect of
Antenna Separation on the Capacity of BLAST in Correlated
Channels[ J]. IEEE Communications Letters,2000,4(11):
337 -339.

[13] Shiu D S, Foschin G J, Gans M, et al. Fading correlation
and its effect on the capacity of multi-element antenna sys-
tems| J]. TEEE Transactions on Communications, 2000, 48
(3):502-513.



% 53% SEHEH TR, 92 AT PP I MIMO 2R GE 5 K I 43 #r Eom
[14] Kermoal J, Schumacher L, Pedersen K, et al. A Stochastic {’E%ﬁ;ﬁﬂ

[15]

[16]

MIMO Radio Channel Model with Experimental Validation
[J]. IEEE Journal on Selected Areas in Communications,
2002,20(6) : 1211 - 1226.

Weichselberger W, Herdin M, Ozcelik H, et al. A stochas-
tic MIMO channel model with joint correlation of both link
ends[ J]. TEEE Transactions on Wireless Communications,
2006(5) :90 - 100.

Gesbert D, Boleskei H, Core D, et al.Outdoor MIMO wire-
less channels: Models and performance prediction[ J]. IEEE
Transactions on Communications, 2002, 50 (12): 1926 —
1934.

Schumacher L, Kermoal J P, Frederiksen F, et al. MIMO
Channel Characterization| EB/OL].2001 — 02(2013 - 03 —
18) . http://www. ist-metra. org/ deliverables.

McNamara D, Beach M, Fletcher P, et al. Initial Investi-
gation of Multiple-Input Multiple-Output Channels in Indoor
Environments [ C] // Proceedings of 2000 IEEE Benelux
Chapter Symposium on Communications and Vehicular Tech-
nology. Leuven, Belgium: IEEE,2000: 139 - 143.

Brine N L. Capacity of MIMO Wireless Communication Sys-
tems Operating in the HF Band[ D]. Adelaide, Australia:
University of Adelaide,2010.

Chizhik D, Foschini G, Gans M, et al. Keyholes, correla-
tions and capacities of multi-element transmit and receive
antennas| J|. TEEE Transactions on Wireless Communica-

tions,2002,1(2) :361 - 368.

KEH (1978—), 5, HIHLEEIN A, 2001 |
2004 F1 2011 4£ T 4 L/ K200 53k 2% 1
£ 22 VAN T = VA LR S o VAR W 7T X
WEFE 7 1 h Z i A\ 2t R TR B
WiE;

‘ﬁ GUAN Jian-xin was born in Suizhou, Hubei

- Province, in 1978. He received the B.S. degree,

M.S. degree and the Ph.D. degree from Naval University of Engi-

neering in 2001, 2004 and 2011, respectively. He is now a lectur-
er. His research interests include multiple input multiple output ( MI-
MO) techniques, software defined radio (SDR) and shortwave com-
munications.

Email: jx _ guan @ sina. com

3B (1981—), J5  TLIR 8 % A\, 2001 4F 1 2006 4F 53
ST A C AR R AR 2 2 R 2, A RO, 3222
WEFET5 1 XA RS R AL AR 5

ZHANG Jing was born in Taixing, Jiangsu Province, in 1981.
He received the B.S. degree and the M.S. degree from Naval Uni-
versity of Engineering in 2001 and 2006, respectively. He is now a
lecturer. His research interests include submarine communications,
antenna and radio propagation.

EB/TURI—), B, IPTRIA A, 2004 45 T4 TR
AR, 2000 AE TR A TR AREE S E R ARG Lk
e, BRI, T 10 E B A SR

DOU Gao-qi was born in Changzhi, Shanxi Province, in 1981.
He received the B.S. degree and the Ph. D. degree from Naval U-
niversity of Engineering in 2004 and 2009, respectively. He is now
a lecturer. His research interests include channel coding, estimation

and equalization.

1125 -



