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Abstract

Multiple-input and multiple-output (MIMO) can obviously improve transmission reliability and
bandwidth efficiency in wireless networks. The nodes in heterogeneous Ad Hoc networks enable
to communicate directly without wired connections, making up the lack of communication with
fixed network infrastructures. Therefore, heterogeneous Ad Hoc networks combined with MIMO
techniques becomes one of the research hotspots in academia. However, in heterogeneous Ad Hoc
networks based on MIMO, different transmitter-receiver pairs transmit data streams by different
links which have the effect of co-channel interference. A good scheduling algorithm plays an im-
portant part in reducing the co-channel interference. According to the characteristics of hetero-
geneous Ad Hoc networks and the contention regions between links, we propose node scheduling
optimization algorithm to obtain resource allocation (rate). Based on different rate of different
links, transmitters can choose the optimum receivers to transmit data streams via node schedul-
ing. The results of the experience proof that node scheduling optimization algorithm can highly
improve the system throughput with reducing the effect of co-channel interference.
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Figure 1. An illustration of network topology. (a) Topology example; (b) Corresponding channel contention

B 1 — P HERIMERZES. () METRE; (b) BREARFE

e B, EdEn LexBFS ByL[514 H A ) PEO, #2351 Fulkerson and Gross [6] 571471
BT s RIR A - AR 7 S B I IR T B IR TN IGO0, R o] LAy AL (B B Bl 1 e i . A (i g
B TP BE AN DA R S OKUR A RS, R 2 AR A O
2.3. LB ATEHEHRIFEDR
P, AR T A RENS L1 B (W) M I AL GBI | A O B R A s B I O BEBR O SR 5 2 BE R 135
ARLNTRIZEAERS, BSOS P TR
iR, (M) =M ()} I{(M () =M (1) &(M
L

i)ﬂM(j);t@)&(Clncz)}
C, > vee{M(i)\\WM (j)}:L(c

() ={i}
C,—>3ce{M(i)NM(j)}:(Fke P &kelL(c):vdeM (k),L(d)\\{i, ]k} =2)
Hoh, ¢ FORRRM, M (i) RRAHERS | FTERIOCIRAIIE S, L(d) REFTHIR T35 X 5 d ik
MEE, p(k) ARES P FRTTERANEL
PERE— AL DB, MR B — AR BT 8 LRSS 50 43 L 1 P WU L1 rate 3], o P
AT B A1) S g — SR B B oK o FH R IO . R | )R T AL BERR I, rate W] LASRIRN:

min_resource,
p(k)

vc e M (k), resource(c) = resource(c) — rate,

rate, = min( ,min_resourcezj

SRy A CERRR I,
_ resource,
~ num_whitelinks(c)’
Hr, min_resource, = min{resource_}, where c e {UM (i).ie Pj} AR 102 B B L I 1 5 IR A v ) P A
B 23 BT B /M BEUE, T min_resource, = min {resource, }, where d e M ( j) fRE I P, o154 (¥ 523 B I
/N BRI
24. ABETREEWMTR

AT SR W RES A N AR R B2 AR AL AT R NS TR S ER R, 37
I3 R AR N BOR T s BT R, R T R BB AR N B 1], 2 X < T AL

rate wherece M (j)

i

DOI: 10.12677/hjwc.2017.75019 158 ToLimAE


https://doi.org/10.12677/hjwc.2017.75019

i

TN PN - - 2 N R A e ;_#/7\
AT MR IE BT L WA AT VR R W A S X7 =T

1?=mm%mmm£WmJ} P=Y E?ﬁ%ﬁﬁ (RS2, S AR A T R T A G

Getr, Tp(s) A 1 38 q MEIRIIIIRSER . 2= 3 D0 Jo4y o i AR JE 5 b A W BR

j=1 N active
RSP SE, N AR A i AR R A BRI A Ao 2, ARFRINRAE YT 2 i T4
B gm A8 E W R BRI S, p ABENLE, JBCE T H 2 [01] - fE
N r
™ —mm%mm ( }¢ N AR A j PR USBR A, o AR AT /T T 48

N active
oL S
3. A AVRIBEMLEZ

oA 2T R R SRR E L s RN AREREE, KEHIRR N, FER
DL it 2 [R] St L$%£MGu,ﬁ% T RIE - B AR AR, D s I E E T
MG, MR R E. WEENEZLRIN T FR:

1) AW IHINE G(V, E), RIRHEME BRI TE S50, M a4 Bl G(V, E)F 28 i it 7 4 &
G'(V', E', W).

2) B HE R G R TR I BCORUR A, K RE K o AL BB B S R K

3) AR A — SR K P& A IR A VO 3 B o FH B Y B A

4) AT RO N5 RORUE AT

5) AR AR: AOE T VN BE K 2 ) (1 T AR 0L DL R ik B A O /NG BT m A BRI
HRGETT i S5O AN RE A [ — A A

FET RO Z 1T, ARAE(L)-(6) P IR, $ERTE 1 S B S5 1 R S B A, BER At R S
EEERE . SRR, W ERBIRT R, AT, PANBEE AN DL R SR AT SR AR ke
FEAEMRIIILG, CSMAICA WX BEBS AR IX AN [l . ik 1T sl B BB IR, AOIE MR R 2R,
RIETT R 1D R A 1D EHIME BN RTS A1, FERZEAHICT . 1D & AR RS Y,
MR IR A —DNARM ID. B— MR S Re 2R ENR 2 K BANE Y S RTS, T st
SRR SR S ke B0 Se G e B R AR AL AR S A IR sk %W%ﬁﬁAﬁ%H)%%
RO B AL AT B A . BEROR, BROT AU R K R0 RTS PR & 1M B kAT 0, 4
FRUSCT R RIS AIE T R AR AR [ R B B3 A ik T i S iy 5ZWWELEPE%EMHL,
I 2B R il it Kk CTS 245 KT fULk H G — AT SE I . i R AR Bl S E
RO & 585270 pUEAE, BT RO S 1eAR T 20, BT SO ], (SR, A BT A
(1) 1D ZF ({5 BB CTS H Ak LS A& pi e AOET S0 T BT s CTS ZJa, e &5
0 542 RUIATIEAS . B RIET RS EEZ T R AR R VFIEAS, AT AU i e H A 1) ARy o
HH UG ROE BRI TS e BT SO R, RSB EEREEM RSN A, SEE AR
ZEWIE LR AR AR, 3 — PR S S R . R IIRICT SR T 55 5 ), A& RU 2> —
SRR R MTTAL ST T Be T RE BRI R — 2 R RS DI IG R YRR G, &
GBS R ER R, O EERRIME . KETR&HIONNEIERCE, RIETAEEIFRT IR

DOI: 10.12677/hjwc.2017.75019 159 ToLimAE


https://doi.org/10.12677/hjwc.2017.75019

Y4

PLRIBIE FAIR L BT i, WA RERGICEE— A1 LB A Bl DR 7T RE AL B4 1252 95 05 4%
e R A R R RE T mAR R BRI 2 R, SR AEECY SN 1D, SRR SR, BRI
H AR5 BTN ACK R IAZS KA R, AR E UL TE e

4. thESGR

ARUAFEA, 100 AN BEHL A 7E 1250 m x 1250 m ({25 A h I E 2k Ad Hoe (4%, 7E Ad Hoc
W 26 R R — AN R R B RSB 4, 728 L IBENLIY A o B — AN AR ARG B2 250 m,
A fOr] DA G FE N B 3. B — 10 s R AL 2 K/ 2 100 bytes, HAE—NEIARE(EE
NRINSHCH N BIARA 53 A o NS YORR B A 1. SRS SRS 95 /2 20 MHZ. R — AMEHIRT 52 2.5 ms.

MIE 2 TR WL, EAHETRER T, REHEWNSRI KRG SARMFT &, XA ZHTE
W REE AR ILT , SR 1R 2 B gt 2 AR SOR BRI S A I, R A BTt
EANFEFE R MIMO R4tk SISO MRS MAAE B K ERE . EF5ERTIRMEL T, MREHER
FrIF, A3 A 2N SR FE SRR R A B AT

MIE 3 FTRAE W, EAZE ST H ARG FE e 0T, 02 7] o g1y AU sy, RS
T 2 DR O AE S o 3K AN B T3 s R 1 S A B, A M D ik RS BT SR,
FER AR R S BB 2N, R RA RS E . EHETRMEN T, 2457 5 S e,
oA T A B A SR R G = R T

R RBCE 17 ZE K, R 500 B HH RN, e RS RS R A M (T )
N 0 B, ULt RIA N 24 . TEFRRI M 28, BT a I SRR B AR A . A 4 FTRLE L, 35
MR BT 2380, R B T

Distributeded Scheduling
300 T T T T

. Without interference i
e+ No optimization within interference
250 F . Optimization within interference y
..... <
200 e
,[:]\ v‘.‘__,...
S i
P 150 ‘
g
8
<
<
1 00‘
50 Pt 4 ¢ &
........... y V——
x ......... y WIS y V———— y e
0 1 1 1
1 1.5 2 2.5 3 35 4 4.5 5 55 6

Mean of antenna array size

Figure 2. Impact of mean of antenna array size
B 2. REWEMHERNIEID

DOI: 10.12677/hjwc.2017.75019 160 ToLimAE


https://doi.org/10.12677/hjwc.2017.75019

i

500

450

400

350

[\e] N w
S W (=2
(=] (=] (=]

data rate (bit/s/HZ)

—_
W
(=]

100

Number of nodes
Figure 3. Impact of node density
B 3. TRHEXNBIFM
Distributeded Scheduling
120 T T T T T T T T T
e et B
’- y
100 [ i
’ Without interference X

- 80 " | .- No optimization within interference 1
E .' Optimization within interference “»
=
el
P 60 1
8
8
<
<

40 g

20 ........

........................... Y N—: S
0 1 1 * !} 1 L 1 1 1

0 0.2 04 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Distributeded Scheduling

L[ % No optimization within interference

0‘ Optimization within interference

o
o
o
o

o
ot
o
S

T T T L L i T
e+ Without interference *

100

Variance of antenna array size

Figure 4. Impact of variance of antenna array size
B 4. REBENHFEXRNISNT

DOI: 10.12677/hjwc.2017.75019

161

g/ Al

jallls


https://doi.org/10.12677/hjwc.2017.75019

Y4

5. &5RiE

FEA BRI AR T, RS RERS < MR IMEE TSR, XA & FEOEE RGN E TR,

N T BCERERS Z TR, ASCHR 1 A 20 R AR B . BLBAAE Y RO I R, %
SO RECR, RAEE, FIERE, KEdRRmEcE, MEE TSR, AR sl FF Rt
ST R AR BRI . 5 HARH FE SR b, AR SR ) 70 A 3 R AR AL T ¥ E 6 W R 3R T R 4t
{EEEI

B oW

AR SORAT R IR AT FE A B TR H BB

SE3#k (References)

[1] Chu, S., Wang, X. and Yang, Y. (2014) Adaptive Scheduling in MIMO-Based Heterogeneous Ad Hoc Networks. IEEE
Transactions on Mobile Computing, 13, 964-978. https://doi.org/10.1109/TMC.2013.112
[2] Nandagopal, T., Kim, T.E., Gao, X., et al. (2000) Achieving MAC Layer Fairness in Wireless Packet Networks. Inter-
national Conference on Mobile Computing & Networking, Boston, 6-11August 2000, 87-98.
https://doi.org/10.1145/345910.345925
[3] Sundaresan, K., Sivakumar, R., Ingram, M.A., et al. (2004) Medium Access Control in Ad Hoc Networks with MIMO
Links: Optimization Considerations and Algorithms. IEEE Transactions on Mobile Computing, 3, 350-365.
https://doi.org/10.1109/TMC.2004.42
[4] Tse, D. and Viswanath, P. (2009) Fundamentals of Wireless Communication. Posts and Telecom Press, Beijing, 1-5.
[5]1 Donald, J. and Tarjan, E.R. (1978) Algorithmic Aspects of Vertex Elimination. Siam Journal on Applied Mathematics,
34, 176-197. https://doi.org/10.1137/0134014
[6] Fulkerson, D.R. and Gross, O.A. (1965) Incidence Matrices and Interval Graphs. Pacific Journal of Mathematics, 15,
835-855. https://doi.org/10.2140/pjm.1965.15.835
L
LY
Hans XM
SRR R BRI 3

1. FTFFEIM T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD

ThFIRMEESE: [ISSN], FIAWIT ISSN: 2163-3983, RIA[#¥if)

2. FTFFENIE TR http://cnki.net/

FEM  EERSCERE P BN, RIASCERRE, BRI

WerEig A http://www.hanspub.org/Submission.aspx
HAFIIEAE: hiwc@hanspub.org

DOI: 10.12677/hjwc.2017.75019 162 T =


https://doi.org/10.12677/hjwc.2017.75019
https://doi.org/10.1109/TMC.2013.112
https://doi.org/10.1145/345910.345925
https://doi.org/10.1109/TMC.2004.42
https://doi.org/10.1137/0134014
https://doi.org/10.2140/pjm.1965.15.835
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:hjwc@hanspub.org

	Node Scheduling Optimization Algorithm in Heterogeneous Ad Hoc Networks Based on MIMO
	Abstract
	Keywords
	基于MIMO异构Ad Hoc网络节点调度优化算法
	摘  要
	关键词
	1. 引言
	2. 基本原理
	2.1. 信道模型
	2.2. PEO (Perfect Elimination Ordering)和最大派别的识别方法
	2.3. 按比例公平分配资源模型
	2.4. 贫穷节点与富裕节点

	3. 分布式节点调度优化算法
	4. 仿真结果
	5. 结束语
	致  谢
	参考文献 (References)

