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Improved approach for cooperative obstacle-avoidance in mobile wireless sensor network

CHEN Zuo, WAN Xin~, TU Yuan-yuan, LI Ren-fa
( School of Information Science and Technology, Hunan University, Changsha Hunan 410082, China)

Abstract: Current research of the cooperative obstacle-avoidance tracing is based on traditional flocking control model
which was proposed by Reynolds and implemented by Tanner. The authors improved it and added the Steer to Avoid obstacle
avoidance method. This model has a high efficiency in avoiding convex obstacle in tracking target. If the method is applied to
the environment of concave obstacles, nodes will stuck in the concave zone and could not get out, because the target has an
attraction power to nodes when it comes to a Steer to Avoid judgment. This paper proposed a new model for concave obstacles
by further improving the Steer to Avoid method. The atiraction from the target was temporarily cancelled when it came to a
concave environment judgment, and then the path was constantly searched along the edge of obstacles. Finally, nodes could
get out of the concave obstacles and reach target. The simulation results show that the proposed model, while compared to the
traditional model, has a marked increase on average rate and time efficiency in avoiding obstacle. Also, it can succeed in
avoiding mobile concave obstacles in unknown environment.

Key words: mobile wireless sensor network; obstacle-avoidance; cooperation; flocking control; concave obstacle

0 3%

TR AR A LA B A5 AL AR = Fh R A
S WY, DT AL S B SR — MR R
GBI TOLk e AR I 2 12 2R 18 5 (9 A5 W R 488, T
R AR RSl B IROR , ek R SR
B AR, A R A S RO T Bh B R AR B
LA, T KB RAE T AW iz s DRI A 3 e — e T
SRR K EL AT A Bl BT A B B 3l A 0 2% B A 24 BT
TR — AL A E KR AR E TR E Rk
FRPILE TS S RS S S HAE B AR ERER D7 R B N
TR IR BT TR B BB KR A5 D7 T A R OK B T AE R
WE, EHAETA N BRSSO T W E R ER T Bm
TARKEGPLS o TR, 2 75 M 77 T e 5% BRAK H AR 47 B9 0 HH AT
WA BRI PREE G R %,

TR sl i ot R M DU RS 5l ELAR 19 6 — > = BEHERE

1 #8 H #7:2011-11-30; /& [E] H#A:2012-01-12,

TE 3 6 T B i M ) A% i AL A% sl M 0 3 A PP ol
X EOR AR ARV R 0 J7 o S BIEE® U7 i 2
IR B A5 R0 B ) BR B 7 v 22—, SR AT A — AL
F R E AR AT SRS B A LA 5 1 T o 5 0 R T
MO AR DL E LA K e o IE 3R o SR ZE R I ER SR F A BR B
R BB — SR B B A R A T AR Y, Qe T
AT T 0 T 00 BRI RO — S SCBR BTAE o

ST, TERS B2 IS 19 U BRER RO SE PR L b, 35 AR BT AL
LAEEREE R A I BB TR RN — A T B i
Yy, TR b Y REAL AT 18, ph T MR R AR A LT, 1R
B ARBRER AR P, Bosh 17 AU B IR A 5 B A TR BE0%, IR
FEM PR ER AR, B0 2 Ok AR S R AR B B T A B A

Bt F 3R IRV, A SO THITES e i ) O 6 A, sl
{3 FAZI Steer to Avoid 15 0™ {4 B E , 45 1 — oo 1Y) 30k R
BEAL, ZAALLE Steer to Avoid fr)ik [ id B2 fp e 5 s B B A5 I
Wr B C BT AR A T R 305, BOH BARX W A Bt 5 1 R 5

ESWH  HH R 2B A T TRITE & VB E (Br8Um) (20100161120021 ) ;3

B B AR RS BT BT B (09]J5045 ) ; Wim A BBl B 45 B (20106K2002) .

EEB AT B (1979 ), B MR R U BT, Tk, BRI B YRS RSl AR RRE. S AH(1989 - ), 8,
BEMBA BRI, EEPS T RS 5 5(1986 - ), & TLPR B A LR 4, BB 70 RN TR
(1957 =), B, BimEREA, BUZ, LA ST, BB ARANITEESH RAXFL (PWKR) KRB F AR FRRE, B

ik



% 6

FEF B AEERREY S REBRe RS T ® 1507

HERRHAZANHE R, RARBIFERERN S O, 55 F
PR R R BARE9 51 7, (ERGE B T MR KRR B 2R3

1 MxRFR

TER ol R IR0 P 2% B AR BRER IR R A X o, — MW
I R A LB A sk 2 5 6] , B 7E BRG]
BEARIE A, HRBEA FIREORAS . X051, B4
BEHE—HEHRRE, BERARSERBE—EES
FEAAELIE A 1R A B G i 5 L 7 BE DR E L K ) Hh O TSR AR
o AR ARSI RIS TE E NAMRE] 1) B,

1986 4F , Reynolds"™ ' $& 1} T —A~ 76 = 4e 2 1A _F FHH L
SRALSUREIAAT A 45 B —Reynolds B2, Z AR R0 15 HA
B 1) 4388, SR T R e 2) BA, 5B
MY RIS 3) BB VLI, 5 BI040 s BB —
B, #HT Reynolds %I, Tanner =Sl T o B
SRR B RS, SEI T Reynolds BRI ) =FA7 5000
FESCERT 4] b EZZ BAME AR R A RFFA L. 3
ARES T 38 T A4 B &1 R B A 18] A2 £k iR 28, Bk 2 B
ATEAE— BTG N B R4 BEXME VR, MR R A
R XA R ST E . SOk 6] M EE TR K
R RS R BIA 2SR 3R Bt . BHATER]A
EUAR s B P2 P U R 3B FF A5, O LR L T 4 B A~
H, 2T EMRZENENE G, O[T - 8 ]1E Tanner K H)
WAL EHE— B IA T BISRE T LR, AT U R L4
SEBRR—HERRA , B ER AR R B RE
TSE B, RIS 8 AR S I 0 3

SRS IR B 58 L T REAR I U IR BRER , (H R A B
FRER B R P T BRI AT, BT A BB vk H e T
BHATEZ M iz s IR, H ATBESE ST ik I 7 s 2 g
JrepE ) R EEAR Y ME sl B A O R
LT R PR B R RR A, 7 — N5 B C B R R J7 AR
AT R L RN R TEEERERY . XN RE
U EERRET R TS5 K, X ARIE T W AL G4 & 4 filf
. AU RRRESN AR I, Bh TR 5ME 8 &
W7 BRI , X RBEIA B ) B 1), T 35A R BUR AR S M 7
TR AW R AR B B T BERR ASE R . 5 RH R
A LY, Reynolds #2311 Steer to Avoid [¥ 8 & 7 12 & HLAL
B XA R T R A0 T AR R 1) AR 25 R A BT 3 O 1)
FIEXE RS 2) TEME B B bR R AR, R
BB MR BIL A% . 3) 15 H BRI L G I 07 1, 7R R
AMAEE [0 KR . Steer to Avoid ERE vk L MART & RIS
Wi %%iE 2N , BEIE A BT RS 4 I RCR AR SR K IR Wi

A R PR 8 T W e A TR RORE R 0 L IS A B X AE
B e R v SR Y TR B T 0 1 5 1, A OG22 3 AR T — S
7, BRI EE A A LG,

Hapk U — P TR HLAS A AR R O v, HO A
BT, EMARE T MM BAEESEE
] 5 | A—F 1032 1 AL ES N BI2 3 B AR s 5]
7135, BRI A T I #5, A HGNERT, & A
W SR BE T 0B 30, B HE A BT AT 4 N &8, AT R
F IR/ T 2E B,

X EIRFAERIBRIG , AN FHREH RN R 5
YoM TARER a2l SR 114 1 TR T M
AL #S KT RS S/ MR E B RS, iR T

G755 e U RS M S 4 B A ke, 7R B M B IR R B
T ARG T RN EA H il TR TAEA R, &%
B R DR IR R, BZ A I AT B R I
BERBETH RSN CR12]1424 THAEALH %, E
WBERRE S AN LRGES &, 5 0 BA RSB it
g Al T RERE R, FBONE A TR #
Hh e AT b FE Rl b 0 A0 A A 5T AR kT
BRSO M RN , TR S BRI R E
TR B A SRR GREE W B A B 7 ik a s B2 FIA H
PREEC T — AR BAEBRAN R R A5 B RVB LT R
Tk AR AT BRI o R, 7R R R IR R R AL
RS ATHE AT, 5 AR 4

B R U IR e AR 2 R R PR T RE A A TR B 2L
RRTESPRAYIBOL A , Bl SRR Tork B i, BUA B A
kAL BARTE T BRI R B T A B B R R, (B
Steer to Avoid FFIKTEFE 1) B AR H, TEIX 2] i 2 (A &L, 35
RAFEBUT 2K Steer to Avoid el AIWT, FHN_E HARXHY A
B951 97, 1 R R R BT T, ST P AT A
TSR R RS

BEXTZET MFE B A 4y B R R, 7E Tanner MR AL
Steer to Avoid ¥E WAl AT HHE, B T —ET MR R
TR U RIBRIRE T e o FE L TT B+, A Vi IR e AR 2 5] AL
TGRS BB, X B B B A8 335 2 B B, 7E Steer to
Avoid 3R it 2 U B AR AUBE IS  , L SAE HE
A MR 5 BE B 17 U PR F AT E B i) A T GO Wi R B
7, AR BT I B 1, RS BRE T AR 1 B AR
3177, IRIFLRELIRER o

2 W EEERSENER

2.1 [EEHR

TE—AFHNA NDERRE, B BRREEA KD
(BEUR) BREA LB IR RGUAEA (R 8a8 , I AT LA
EEAAIRRGEER— MRS T R, BALHAL A6 R A7
PR E RBSEE R IR BORRL M B 360° , RN i
B A BIFE o 1 A 1 O3B Sl R T T P T R

r, =,
{ | (1)
v, =u;

Hep,i= 1,2, ,Nor, = (x50 " B ARLE IR, Y, =
(i, " JEAT AR | B R, B R | B S 2Rk T
PREII S E R tan 6, = £/, u; = (3,5,)" B AR
BN CIEREE) ory = 7, —r, B SR RS 8 Z MW
A LA il A E UK

u, =a; +B; +v, (2)
H.a, BHEVLAR, KL Reynolds #5280 H i) 3 TL L i
Bi5;B8: BYHNRADL, FZ5ER A Z [ BRE B R A ERAE , SE T
T Reynolds BRI Y RTF N B A5 5y, 2 B FI, 2300
MR PR T A —E B R R W S SRR
HlideE, AT S EBUCA B ML S, = (x,5,)" B3,

SB35 0 XU R R AR LA TR 5Y, G T Tanner [ P3[F]
BERAEAL, SCER( 1] b RS T RS B # 1E E S
L, SCER (3 W U 9 i B RO BE RS T 2 T B 3h PR i 0 i 3R 5%
o (FREZRRRBIL, BRI R RE O TR , Uik
FIBEH] B AR T A0 L SR 2l M R AR A B T BB



1508 B R

532 %

RS (AT TR R R SR BT T AP AR, T mir e R
TEMTERERG o 78 SORE U ] e REAS B4 5 | A M) e 6519 35 35
Hh o B BB TR A 1 R X A Rt LR R A MR 5 B
BATH A IR R BT ) K L G A W R B4R, A 58
H AT 2115 B

Y LemtTTII b
' . viz(ii’,‘-"i)r
r=(c.y)_p
R
_____ U=a+pf+7.
o X
Bl iR i A e
2.2 HEWEY

SPIR CRRRE G D) « T 8 R BER B O 4RI 9
5 PR AL 3 B X R BT A N, R R 4R
HET RECRERE i A 5) .

NoA GGl el <R C{1,2,,N] (3)
Horp RETY Rl BN o i T mURE s, B R Z (6]
YR B AR AL R 3 S B T T AT A 4 SRt AR R
Ao

HEVCACI a; - BARRAT AL SRS HAR T R EE
AW , BB AR T G BEAR AR o 17 L i AL SRR BT f B
i R, SRR X S B, 15 2] — R A A -

@ == Z(Vi_vj) (4)

DM EIE B, + 23 A O PT35S ,
Rk (R 77) | B ACE A S LIRS | (5197, 8 B
g R EAAELEAL TS PRI AR SR RO 45 AR 4 i 7%
PR B AR R TR B, 4 1 OSBRI 115
S i AR R R A AR V, TTE XV, B
v, - {(n,—r)", 0< [ryll <R
0, [| r; I >R
Hrfn = 1,3,5,,2k + 1LEX TR T , 45 0R 5
IR B B g e ) F— AR R (8 ron K —ANIE RO ZFBE, 77 LR
SR LA E T LS B B 5 B,

N

B.=- 2V, (6)

R0 ST, TR 5 2 8 T R B2 40 1 00 R TR
BB RSB S X T R BB S ARG : 2
A BRI FR A AR BRI , TR —
WS BRI U, = U, (% S 8% B irizga.
(LS 45 5 4 TR BE R i TR PR, 2 8 R R J L3R,
IR v O — TR , 2495
BERIERER |7y | < ron WERXAEA A A A4
EUARAL S 3 s 24 2 oo ] P R BB R, S B
510y BRI 4 SRR 0 — 5 r, TS Ay
LR U

U =-U/Clr, )" (7)
Hosfr .U, H— A m R ERO (SRR B E) o
545 B A TR , PRI — A K R 7, %
RS RS y, = U,

(5)

g EER, TR L BRI u, TTRE N

=Y =) = YV Ui -k, iyl < T
u = { JEN; iCR;
- v, =Vv.) - Vi' - Ui, ;E\:‘IE
jg\"i( ]) i;i ’ /[

(8)

He 4% 55 Bin i MEE/NF— M EEUE, TUEET
HEZPNE BAR, KB S E NI T B, R4 RETE BAn
FEIETHRFTULG |ry || < ro B8, 0w, BIMBEJEI - kv, o

Tanner [KIEHI B ARSTIL T Reynolds fr) i 3] #2 il B AL, {0
R HAE R b BIAIE ALK, TR E T A — B0 R0 B
i, Steer to Avoid HIBHR AR MEB BRI EIE R
R s, I B TR RRCR

¥4 Steer to Avoid S32 BB T, 72 LR AR 7 R
FUREAT I RIS, THE Y A O ) HR SRR & 38 S
PR AT S5 RIS, WEBBEWAF 0, LAEL
BN, W EERE N, AEID
K o (FAE R R/ NER AR F AT I i) o1 55 Bir A
B, XAHEZMAEILH &, XKEELE L 5RTEM
o

& = arctan((y; - y,) /(% —%,)) (9)

M TR 10 % 1) 5 B R T 1), AR SRR 1
B B, 7 Bk B BRI ENIA BRI 0] o 7 M AR BRI
la] o AR RFE G T R E R R YR 5 A
VREEELR I, W AR B AN B B iR B AR DL R
HEMA TR, FRINERDTET w2 8, ZRE R
EoE R N AR, R E T RS N TR B,
FrAB o, SAEE R 7 ) MR B A A B A AR 45 S A, )
B o W2 RS HAE R A R e R R R ey
@B 2 BN

Y
(o)
7J(5|Z7‘5‘['ﬁ:|___ =)

V:

B#w

o X
&2 Steer to Avoid JEfEJ7 ML
o; BRI A
Tis lo, - & s 72

# {0',- S, A (o

IR FEHRY BT, RE BRI AR
Ta] , 75 WO AT i B A B R R T 1 b RS o BT L, FE AR T 1
Steer to Avoid [ 72k i 2 BE A0 3E B iR BR A Y, BRBE 7 1)
BEE 0, AEH 0.0

A LI Steer to Avoid 5| AT S MIRER T T, FEIRH R
ME R BN, BUE R BIRL N B A — 8 B
R HE A SRS 47 s 8 HAnis s, mE F A AR w22
18 R BAREAEHE T M. X B, Steer 1o Avoid [
BT R RES | A U IRER R b, (045 1 SRR AR,



% 6

FEF B AEERREY S REBRe RS T ® 1509

FARAGB R BIA BV AT 4777 AR R 1 BB A T A 30 e
At (BRI B SRR Z AN , RS U AR S B A
W3R I VBN EE B B 14 o JEA 1, TEBR S E AR B Steer to
Avoid ", 3B R ZOT- M A BCAE o 3 BB X —AMEE W A R
o, HEF A LAAE o I 0, I HELAS K ), o 53X — 5 1 500
R LRI IL R 7 T 5, (59 5 BB S A Tkt 5
& Birizsh.,

¥4 Steer to Avoid [ N A T[] i B A o | (AR5 A5
BRI AR ER T A TP AR BiR R . BAh, AR
M, AT RE A FE T N B B R B AT , R 2%
T A5 % 1) A E R null, {H AR L&A T S T 1
WIHERE , TR a5 T LA AR A 18 35 P A7 A5 1% 1) R i
M ERE . X AT LATEEA 18 B R s Al st B 5 h e R,
2B R T BHAREE R

Y vy

Hixd

o X
&3 Steer to Avoid 7EIE B B B

TR R ) P ERT, B AR ECR A QB AR E)
WA , AN BEAS I 2 A4 I REAR 8 Steer to Avoid JEEETT
ORI B A, W 22 W AR HA TS R R i T
SRR B Ak , DUV SR I PN BT 3 e 1 A, SRR
PR 1) F V8 0 B, Kk A BEAE DY BB Ao TT LA
TR :

@; = Zgoj/n;je N;,p;, = null,p; 7 null (11)

jeN;

HAPPEAAE n A R IFEEAEARR null,

AT (BRI L Ui Tanner 1) Y5 ) s [ 45 B0 () ZE Rl b
A Steer to Avoid FyREFRFIEER B A A 35 I, RRAE B AR
Wi MO AR, BLARIE T — A8 B R ROR . (R AESK
BRIFEE P (ERET SENE S B B R RE A, A UNAE
HEFIERE BT R, RS & R TR B i .
A R RLE BB M AR A, BT RN v L R A
—FFRR FAS BRI ) U1 B R i L 5 0T o AT etk
M B4 Re s th &, 7E Steer to Avoid [ i 5 78 Hh R
H EARXT S BENE U, RN E RS AN R, RA
BN PUE AR H O, Bon FKE T s B BARIY S 7,

e 2.2 TR BI M, T SRR R A R T A TR R A
ZRIHFE AW . W 4 FUR T R EEE R BT R
AALATRERS, TS SANAE b E A N ESZ . R
B2 G, 1 A TR FH Steer to Avoid 36k B 2k WU i ¢ TF i
18 AR Y AT 1 B9 A B, Steer to Avoid FYHIWT B35 14 B AR, £
XAB PR A TR B, 1 A B S 21K Steer to Avoid $% 1] ]
Wro FEIN L BARKET ST, T AR T3 R 2 R
Tl FET W EBBA T RS R RER .

S X R B, B AT R SCHE H SR AR A i DL e
295 S BB — AR, R INAE BOF AR RELL Y S

AR PINT, R R LT A TR 0 BERE 55K Steen
to Avoid SERERIEXS T 25 MR UE, 86 RGO, 3 T 1E
(OIERS 9110 FLRR0%: 31 9745 Steer to Avoid BERE93 721
1 A BT 35 0 TR 5 BB TT (BITJR, 194
BRI R BRI Y, JE 5 BT FLR 111) Steer 10 Avoid) ;3¢
TR, 0110 ER 0351412 T4 17 B2 R OB 10
%o BREL, 469 21 Stcer to Avoid BEREH B, B4t F
PRSI0 o TR AR 2 RS, 80—
BRI U,

g - UL 0 < (1)

C L, Irall >R

SO, AEE RS or, RBRT 0 LT
P R S, 35— ORISR (7) SR P 5 SRR
Bl R T 8 B R 010 405 30, DT AR T
B .

Y o Hiwd
MRS
0 X

B4 WasAMERER

TR R REL B — R W IR N Y B, (R B Y A
Bl H BB B AR 1 SR B4R B BITLL, 7E Steer to Avoid
FIWTZ 5, EERE MY B BRI A A S T 1R AR, T ANHE H
BN, | 3CTE Steer to Avoid 3 T Ao 1L R o, Y o S8 3T
BRI, RGBS 5 B SR/ T A
BN R T R ), X T BRI T A E
BOFHRRESOR . (BB, M AR A M AR LU , 4R i
FAX AR BFREAE M R S S B A I 2 ok i
Fro X EXFREREE FAZI ) Steer to Avoid 35U fif s ot ,
HOE N F MIE RS IR W A I S R IR A SR
R

£ Steer to Avoid i [k W45 S PN IR I A B Bt (X
(10) PR o, 5o, - m) , Bt EEBE— NI T 8 BT e
4, ARIE S BRI B M R MRS R, AT A LUTF 3
L.

DAL b, 5 SR EA B R . BT
RIEBNEEMN S, TEFENABIRTELS, XEK
WL TR RN i AU o B P s Ab , SAS X 4528 B 755 K
O B P8 ) ST 28 A o WL 5 BT/ , T s A ML AT 2
HBTXA BRI A T, R @R (10) Mt B Aw
75 16 [ Steer to Avoid ik I . 7T LA (13) 531X 4414
LR o y, o, 3B BT 1) 5 R A U A AR

i =) _ _(xi-w) )

Y‘T—Uz‘(X ) (13)

2)WAPILTTIE £ A —A T RN B T AR, A
6 Fizs, PR B RE A KT B O RAME T MBS 2 T, A
TAERERE B, LT ARSI B RN ZE R, B




1510 LR A

532 %

S HE BRI Steer to Avoid HWT, X EYILR [ SRR VEHE AN
HIFERR 2 N — 30 8, a5 BeA B & s 1
Bh),

Y

o X
5 W7 MENE A RIRH Steer to Avoid Uit

Y

© B¥pd

LpjZSa e

0 X
6 FRUIZR Iy 1) RN B TR Steer to Avoid DR
3)PIAIRTT ) AR RS . A T BN , RIS AR
TEFEBRAT5 1 ER AN BESE T et . [R)AE 22 W 45 1) HL AR 19 Steer
to Avoid FWT, ix BT 1 55 /%0 ¥ Bl Y ) RS9 30 48 P A~
22 A o ST HE 5 R M P 2 1o, (0 R o M AR

Y

UIpZEAt

o
X

BT U7 1R R B AT B9 Steer to Avoid {46
BARE 0 TT 18] @, ATLATHR A -

¢ =
o, MR LUIE o, — 7 F1n SRR,

PR I SRR TLRH o - & < w/2

o; - w, W LU o, 77 1) S Al S 3L B

Pk | SELGEAE ] o, - &1 > w2

6, — w, Y&k 1 SRIFLEAEMNIEA
(14)
Horpr 9, 271 5U7E Steer to Avoid BRI EE Ty i, TERSGHE T
T R B 1 A S T DRGSR (15) W 1) S s o
{vx = cos @, A/(vi+v§,) (15)
v, = sin @, N vj)

T A e, T A RETE T Mt ) Steer to Avoid R
FEARWIATE MY R A ki R B e, TIAH AR R
YT IR | I REAETT R RS IR %2 3. M AGE
H T M RRRR A (37 SR AR ) , S T AT A K

A LTBRERS , IDF B REE RS —ZI0 U MR/l
1], LR HCFAE F—A Av B R], 95 s RAE s, Ar 5
RO ER G, T AR R

At = T/1 v, (16)
Hep T e, BRI E Y R, U, 4%
BB Y SRR, U, R AR ]

TR ST NIE RS 5 (AcRHE R ) , IR E 5 S BEAR B
VRG], S Y Steer to Avoid 3 IIAREEIE ER HAR .

BT DL b PR AL RS R B R A N — MR E R
WEinE Birigsh. B A —ANReEEE Bism s, Wad
8 F T %15 1 1) Steer to Avoid R T SHE. 230 HRER B
Byet , BUEEA I BARR95) ), 1T Steer to Avoid R T
T EIEERBRY LM I Esh, R m SR WYL
7 ) R B AR, T SRR R B SO S BA T BB R
3,95 BN A O U E R B — S EM T 1 R RS
WA R N O, I B A G MR 1) AT

3 ELRE AN

2 TEHEIR T AT X M RS ) B I ol AR A, ST
HE A FAE R AR IR AT T 0 b B AT AL, SEIEAR B 1 7 5K
PEMRRE . IR Tanner H) WP HIBIAMEZ LR E M
T ) s AR R A7 5 LA

17 ZL B I 75 L S Al 1 800 .40 A 900 By HTE X B8k . 7E
HE 810 2 100 , YA % 450 2 550 (¥ 7E FE 045 10 ML RREF T S o
BT R BRI B /N 1) A A, W IR A R
WP EE MR RS, i =HELB(x = 1000,
300 <y < 700; y = 300, 600 < x < 1000; y = 700, 600 <
x <1000) 485 BFr s AR 4 [1600, 450 ] 3R A& R
W ER Y FEE B AR ETEE , I 25 IR R B 9 1R
RERSH o

ASCHRLLT BLAFE bR R A B 1 TR s R A7 [ R 1
RE TS

1) AT LG TR R0 . BT (0 A OB AU AR B RE S 1y
I KRS, IR 2] B ARIE RS B 0,

2) TS B T3S B R AT fh 28 o AR AT AL i 28 Y 0 e
FTHEBEE R P R RS, W LA R
R B R R

3) Bik Hr BT 7% WA A] . 25 S e A
FHE (RIS o

4) 715 55 BARR T8 B AR 4L« i il 4R BB RS AT A
ZEHR BiriEas), RARGHE DA B

FE{H F Tanner (7% %2 3345 AR 2 SR8 FF W9 K A5 A, VT LA
BEE 8 s v REE,

ARE A B AR, BT

=]

Y/m
S =N W s Ut

<

> 4 6 8 10 12 112 16 18
X/m
B8 N Tanner {47458l A5 70088 37355 v i U 2 R A

M 8 AT LI 2, Tanner Y 4 H1) 4 il 45 B A 49 o I 21



% 6

B B R B AR LT S FLEE M 3 5 &%

1511

BB R8T BN T — R ) T AR I R 55 BT
T RBHE B RERR 25 T A R GO T A S P, B
JEBTT T LRSS BT 5 (5 A B T 1 P 1) A A
EFRE R, AR ERYGEA MR b, XA
TR BARBERFEA T FCIRP, AL BIE RIS BiR M. T
ABEIE s P IR 9 Fs , v R R B E T
RIBBNEE], RN B 10 R PR, ATRUE
BIFEREATFATT TS 2 )3 72 v It 3R 45 R, T3 7 )
T 1) E ARt 75 2R E BE R, 76 150 s 571 TR
A ENLHAR

3.0

SEE AR (m - 57)
= o= N
o w2 ot

=)
th

50 100 150
BB /s
B9 i Tanner f 84 47 LAY B35 s B AG B R A1k
EE G 2N Tanner FYBIRIfE HH T ik, A T Steer to
Avoid % w1 F|W7 , BLAETE &Y R RIS R IE R 0 W PR R,
BRI FF M BT B R B e, BT LS 3 O B S an )
10 Biizs o

ON
o
4

0z 4 6 &0 1 14 15 s
BI10 A Steer to Avoid i) b [F] i 5070 6 7T BRI e

M SteertoAvoid HRERVIE H , BTA 4% [ HYFIBTAR 2 AR S T
ERRAG TN o A BERLE 15 SR St 20
R — YR TR A B 1 A SR TT BT, 7 SR A
TR W ARHEZE P ERAS N 11 PR, TR 5
15 2 L W R BT A BT, TGk S L IR RS
-5 3 R Bt R KR Ao £ 150 s 5 35 AR AR A B i
L

3.0

2.5

[
=)

TR (-5
z L

<o
n

0 . . :
0 50 100 150

B shitE])/s
11 A Steer to Avoid (¥l R} EEAEHD (%) 5 S BF 10 R AR (L
Blendalinpilaibid=n SN £ WS L i¥ e QUi Rtk
HE. B 12 2kl MRl MIE RS A T MR A
PSR — R MUR B A5 B, Bk B BRI Steer to
Avoid Bk MBI 5 10 FI T2 — R . TESE ZIRIB R

B (HRAE T %% ) , MO AL R 8 1 RO, 4 R R A O T
— AR BRI B RRERTL 4  R 5 | 7 (9 A TS T 3 IR AT
FRAGI R, AL T RS, Bk B, W aifrEzEsh
T B RN IA 13 FTR , 7T RAE BT G AR T i —
SE BB IR LHER B, ST BRRE , 1 AR
B0 HP Y Steer to Avoid fRARAEIE T B BZ /Y J5 1], e A AE
150 s B35 1 FHARAE Fo

0 2 4 6 8 10 12 14 16 18
X/m

A S ) B DS A R B T B 355 v 0 [T T e
3.0

12

2.5

o
=)

)
E &

0.5

O 50 100 150
LTS
B 13 Bk a A Im) i A T Ay a5 A R AR 1L

W5 HARE R AR i 2R A 14 Bk, H
HELE A Tanner FUEHFHIBIRL ) B . 6 BE T FRAS B #05
TS BENAE T 1 20 R IAME TE BB O 1) Sk 1 1) B ARE 3h, 1B
IR TS o SR G ARG . BT LAY S-S BARE 171
BB AW T TR, AR TG BIA A A = 7 Sl
LRFBATRINA Steer to Avoid IR kAR B B FH . FESEA
MIERRIRIE , T A BEARYE Steer to Avoid fH T 22 YRR AT,
BERERAN BARA . WS B EB RS T 1 E M,
AT USRI T OB B 2B A W R R S RE B 3, B %
B BGRR AT x 75 HARFR AR Tk i B[R] AR AL A
L , BRI , T 5 B 2 RS T B CANE T MITE &
R, BARTEIRE DY S h IR B BUE T8l BARE5|
F1 AT SRR R B W R, B ST AR S, B TR
Hr1f) Steer to Avoid MVEF , 5 BRI R BERPAS 2 TBIE , B
LPRT Bir.

16
14
g
=12
&
= 10
g 8 * g
& 6
m 4 —¥— Steer to Avoid
&E —— it AR
of O\ [
0
0 50 100 150 200 250 300

ABfTRE)s
14 =FEE T S B R RTA BE R ARt th 2% [k
BE LT, BRI A AR T DI AR e A B, T AN



1512

P HEAL B

532 %

T BEAGETCIE IS BAn A . TSGR A B2 T 5
S M BRI (R 3, W R A S AT R, AR RS
FFT MIB EEAS 235 B AR MR IR R BN B A s R AR AR

=P
4 #iE

FR 45 Reynolds 4 tH (& J 45 , 7£ Tanner 1) 221 5
Steer to Avoid B REHE N FE Al b, A< SCHE ) T — AT AR RE TS
[l BERERIAY , JRALRL,TE Steer to Avoid Ay IR HH EUH H
PRI RS, LT R TE A TR S BE B A7 b A A
Wi B B R W R R B AR, A R T T A 1)
WO G FRE T R B AR 0, IREGUREEBRER .
SIS B TE R HACHI IR 38 R £ e P2 v BB 8 o 255 St B T 1M1 i
Yo XTFUAREIT B vh i B R, 2 R R,
Sk
(11 BRHCE. Bk R G s 108 K B AT SE e [ 01 - LR

JA#REE, 2009, 26(6): 2004 -2007.

[2] Reynolds engineering and design. Obstacle avoidance steering be-
havior]| EB/OL]. [ 2011- 10- 20]. http: //www. red3d. com/cwr/
steer/ Obstacle. html

[3] REYNOLDS C W. Flocks, herds, and schools: A distributed be-
havioral model[ J]. Computer Graphics, 1987, 21(4): 25 -34.

[4] TANNER H G, JADBABAIE A, PAPPAS G J. Stable flocking of
mobile agents, Part ]: Fixed topology[ C]// Proceeding of the
42nd IEEE Conference on Decision and Control. Piscataway: IEEE
Press, 2003:2010 -2015.

[5] TANNER H G, JADBABAIE A, PAPPAS G J. Stable flocking of mo-
bile Agents, Part [[: Dynamic topology[ C]// Proceedings of the
42nd IEEE Conference on Decision and Conirol. Piscataway: IEEE
Press, 2003: 2016 —2021.

[6] TANNER H G. Flocking with obstacle avoidance in switching net-
works of interconnected vehicles[ C]// Proceeding of IEEE Interna-

tional Conference on Robotics and Automation. Piscataway: IEEE

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Press, 2005: 3006 —3011.

TANNER H G, JADBABAIE A, PAPPAS G J. Flocking in fixed and

switching networks[ J]. IEEE Transactions on Automatic Control,

2007, 52(5): 863 —868.

SHI HONG, WANG LONG, CHU TIANGUAN. Virtual leader ap-

proach to coordinated control of multiple mobile Agents with asym-

metric interactions| J]. Physica D, 2006, 213(1): 51 —65.

B, YSCER. ST RGN S A EERERT ST Bl

HL 7= O TR R 5 A3, 2009, 22(3) : 22 =23,
KHATIB O. Real-time obstacle avoidance for manipulators and mo-
bile robot[ J]. International Journal of Robotics Research, 1986, 5
(1): 90 -98.
LIU C Q, MARCELO H J, KRISHNAN H, et al. Virtual obstacle
concept for local minimum recovery in potential-field based naviga-
tion[ C]// Proceeding of the 2000 IEEE International Conference
on Robotics & Automation. Piscataway: IEEE Press, 2000: 983 —
988.
VADAKKEPAT P K, TAN C, WANG M L. Evolutionary artificial
potential fields and their application in real time robot path plan-
ning[ C]// Proceedings of the 2000 IEEE Congress on Evolutionary
Computation. Piscataway: IEEE Press, 2000: 256 —263.
BARRAQUAND J, LANGOLIS B, LATOMBE J C. Numerical po-
tential field techniques for robot path planning[ J]. IEEE Transac-
tions on Systems, Man, and Cybemetics, 1992, 22(2): 224 -
241.
JANABI-SHARIFI F, VINKE D. Integration of the artificial poten-
tial field approach with simulated annealing for robot path planning
[ C]// Proceedings of the 1993 IEEE International Symposium on
Intelligent Control. Piscataway: IEEE Press, 1993:536 —541.
CASELLI S, REGGIANI M, ROCCHI R. Heuristic methods for
randomized path planning in potential fields[ C]// Proceedings of
the IEEE International Symposium on Computational Intelligence in
Robotics and Automation. Piscataway: IEEE Press, 2001: 426 —
431.

(k8% 1505 /)
4 £

A SCHR H 9 ) P A 2 vk PR 5 ST G S Ak T P AR A B

B AR T B AT B BOE EA TR B H AE, iH

BIEAE LTE BigRi AR 3 .4 BEAR I bk 295 48 B4 ¢

TRANGE S0 AL PRAT ) B9 VE A 5 VT 7 R ISR R 3T R AT 1L

XA T ATV EAE B 1 TR AL 3515 436 1R e A e, 35 3

TWEBEANREWHREHEB,

Sk

[1] ANDREWA J G, CHOI W, HEATH R W. Overcoming interference
in spatial multiplexing MIMO cellular networks[ J]. IEEE Transac-
tions on Wireless Communication, 2007, 14(6): 95 —104.

[2] LOVE D J, HEATH R W, Jr. Limited feedback unitary precoding
for spatial multiplexing systems| J]. IEEE Transactions on Informa-
tion Theory, 2005, 51(8): 2967 —2976.

[3] 3GPP TS 36.211, Evolved Universal Terrestrial Radio Access ( E-
UTRA): Physical channels and modulation[ S], 2009.

[4] LOVE D J,HEATH R W, Jr, SANTIPACH W, et al. What is the
value of limited feedback for MIMO channels?[ J]. IEEE Communi-
cations Magazine, 2004, 42(10): 54 - 59.

[5] 3GPP TS 36.212, Evolved Universal Terrestrial Radio Access ( E-

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

UTRA) : Multiplexing and channel coding [ S],2009.
3GPP TS 36.213, Evolved Universal Terrestrial Radio Access ( E-
UTRA) : Physical layer procedures[ S],2009.
DAHLMAN E, PARKVALL S, SKOLD J. 3G ##k: HSPA 5 LTE
[M].2 BR. BEAKE, BIKHE, i, ¥ Jbat: ARERE AR,
2010.
DAHLMAN E, PARKVAIL S, SKOLD J. 4G LTE/LTE-advanced
for mobile broadband[ M]. Oxford: Elsevier, 2011: 59 —77.
BITEr. £ MIMO R th4kili {5 W 4% B BB T 5L 5 FPGA
SZEA[ D). FEAT: AREE A, 2008.
Hil. LTE TR K DSP L3 D]. W#R: s FRk
K2, 2010.
ABBAS S S A, SHEEBA P A J, THIRUVENGADAM S J. Design
of downlink PDSCH architecture for LTE using FPGA[ C]// 2011
International Conference on Recent Trends in Information Technolo-
gy. Piscataway: IEEE Press, 2011: 945 —952.
ABBAS S S A, PRABA R L, THIRUVENGADAM S J. PCFICH
channel design for LTE using FPGA[ C]// 2011 International Con-
ference on Recent Trends in Information Technology. Piscataway:
IEEE Press, 2011: 58 - 63
HFMH. Verilog BF RGBT [M]. 2 BT Jumt: JLtis
JL R K2 H R, 2008: 130 - 191,



