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Multi-Agent system with information fusion for smart home

WANG Liangzhou , YU Weihong, HUANG Guangchao

( College of Transporiation Management, Dalian Maritime University, Dalian Liaortiig\16026, China)

Abstract: A smart and green home is a dynamic large-scale system withehigly“complexity and a huge amount of
information. In order to further improve coordination between subsystems ahd makenthe best of multi-source information for the
smart home, a multi-Agent intelligent home system based on multi-Sgufce inforinaiion fusion was designed. The framework and
interaction mechanisms of Agent were introduced and a muls8euree inforfhation fusion model based on Adaptive Neural-
network-based Fuzzy Interference System ( ANFIS) was pubfoxward #o ‘eonduct the feature extraction and learn occupant’s
personal behavior. A simulation platform using lightweiht embeddedNade Agent on Android and Matlab on personal computer
was developed to control the natural lighting systerfiyin smart home” The theoretical analysis and the simulation results show

that the model can improve synergistic interdctiOhj of hoffie %ystems, and finally enhance the efficiency of multi-source

information fusion in decision making process.

Key words: smart home; multi-Agent system; “wiulti-source information fusion; Adaptive Neural-network-based Fuzzy

Interference System ( ANFIS); daylight control

0 5%

Yk PR R RESRE , LR IO O, PR BE R
EREANT ARG, A0 SHRSERNE S, RERE R
FIAZE M, SCHLUR P 68 B AR R AL L BE R RE SR/ M 3= Oy
KL, BTZEBFEMEGHZL Agent REL (Multi-Agent
System, MAS) 8 REZ JE B9 0 SR REAE I SR AIE T A B T
Ho MAS mi/ e A FE M EVLERE F & LR Z 1 58 Agent
HAL, BA MR A B A RERA SR RENAR T
SRER BRI AT ERS SRR ETZREER
I MAS B MAS 1RV RERE R AR E {5 B I E B
I HRAZEERNB SRR Mg - ERAERENR R
F

MAS M W {5 B @& R B8 T ivE WK Mt
FETEI MR AR 4R T —%F MAS B REZRE R4, A
TREFSEREIE ;SO [ 21 RARHA T MAS FERKE &

I %5 B H9 :2014-04- 04 ; {& [E] H A :2014-05-20,

SRR TR, BT T —E 80 E NS R RR
BRm SRR SRR 3 I X RE R R R R s h s s
BEFIEARIE T 5558 Uk [4 1 IR — > ZE RS RS W R
P RIS EY s SRR (S — 6 ] Il RT3 AR GE Xt 52 s SR 45
TRl U7 1B T MAS ZE MBI RGE R R, X
SuBFS AR M BERI S T B RE R SE B G R R L (ERL |
XHRE AME T MAS HRMSEI, EAME FLFE SR
Eg e o ity S0 LY T

A IEE G L TTRIBTSE J E N S MAS 7E5 BB 5 o i Br
S BT —EETLZRFEEBEH MAS HRKXER
G, RAGGRMEMARIBELT ZHFEREME PEM
Omnibus FEAY A R ; 5 ] MAS 1B L35 R R G A1
RN RGER  EFEMENERPRAT BEMLME
B M 3B R 48 ( Adaptive
Interference System , ANFIS) 8 ik it BRFF B8 A2 2 A0 > FH P AT
Ko RETTEMMEMH ERENIRIBAET M BE

Neural-network-based Fuzzy

EEE T ERF 1989 -) I, ATl L5, FEHT 11 £ Agent REFRMA HHEE; TRO0972-),%,d7
KEN, BIBAZ, L, BFRIRITE £ Agent REE . Android T3 BL AR W% 3 (1993 - ), 3B LRI A, EERTSE /71 « T [ %o

S B TR %



2748 A A

#34 %

B MR R
1 "REE MAS R4 B RRM

BREEARGT, FWARETREZNH R EZATRE
MRERR (EHRE B SRR A ERE) M E
P BE PRI R (AR B AR DET5 R SRR 55K
) RREFEER R (ZRITEEKRER A H RSN
&) RS ET IR B R (B IR eI RSB B REML)
o AXBOTERT U EXBFRENR, AFERETY
BEIR. B 1 RET MAS B EERE R R MR KA.

HRETFULA N | | HVACRZ B
SFRL R S SRR RS 2
EHIEARFAREN | | REBREHERS

R N -

TR heen
| BIEREE |
X || ERRE || PIR
sensor || ¥ Msensor || sensor

Bl 1 EHERE MAS PRI

ERE 1 B BB MAS W] DU A S A 2 IR 1 X 4545
2L NEER TR BRAE MR T ERAN R,

DRHZ . BHEMNTRENKEZ, HZMH TR SHRE
REFFEIERERA K. & ReEBRIERA BT,
I BT LA E 3 i 5 S 55 A0 R T AL T DA 32 50 B0 S
T TR M4 K TR 5 K E L R AN LIRS Agnd,
BHREREFERIE BB RENEE FTEA ZRLR
FENEIMY SRR ; R BIE,; =R 2R B
o BARMBRRENMERN, REXBIRBHSFE R

2) MR, M%ZHFRILMEH A RERER, UTL
MEEFBANE, ELRNE . TLERERETETLL
WiFi. ¥ & ( Blue Tooth) Fll ZigBee ZEVE 28 W 4 £ E 15 F i,
W USB SRR, (LREFF 1 RS L EREE Agent F BT
WSRO FILZ RN E R B U TLTE ML RN
FRAPATER PO R B8 AR H Agent 22 JH) ) BOHR 4% 5 T
B LR AT,

IR, XHEBEEERTRTEFRI, ERERAE
HAIHRERTH B ol AR o b B 4, B AR b Agent
Huls Agent FlUG RS 25 BUR . S F B HHAM R, EF
RER BRI R G, B .0 KR T XA B R —Fh R
RS FINANG R, BIEHENTFRE; 5 —FRBERA
A4, AR T R4, Uik RAREAENEZHT R, X
BER—MTARINNER, BB AR KN, AR HE
MHTRE ST BT BB M SRR, SR R A
BEHEHENTRE.

HNFZR. bR OEERE LA S L, B4
FRATHEN R EMIOR N BAPITE . BELm TR
WEA R R ERBE N &M, RIELIRE R &N T
KA AERE R, BE A LB 2R F B T84, il LGE B
HIET RN TFIES ), R BEEE S E R R EF X

HOBO
sensor

Tl WREEAGLEARGS METIRSNIIRE,. Bk
W TE TR PR, STIEMUT ZRIT 1T HCR
A Agent ERETEBAE L0 b AE NS BRHEEE B B
RImFIAH Agent, PATARRIRFH BEEPST TR M THE
TRz B, fling RS,

HT MAS %8 SER R 2R R — I B AR A 1 HL A AL
BA ik A B T & &3 R AP 58 RN B
HRFAT % Agent KIZZEHLH], RGN PHRE AT TRAE .

2 HiFE MAS i 5 & EAHLE

B2 RpTHBRE MAS WRHENH . B RERE MAS
TGS Agent: A Agent 45l Agent, f&/RAF Agent F L[>
Agent, EA1A % BHIIREAER S, it X IMEN R A TF &1
PR S o

G =6 SR
Agent SRS
EE R B BRI
o BCARBLA D |
o BeSERE 0>
o b5
ZEER W e
o, SN R | EhefkR
& o i o TS

HAVC || ZaER (| N || RETE R
HRARLE| | PR || HAK ||[AHAS

E2 FRERIE MAS ZZH ML

1)AN K Agent, ST SEBLLAAR Y 0 Hho0 B RE RS R,
U FAAHL Agent #3555 APV BKRAE R . A Agent 5
BRXEEHRETHET - MFMAL, EEEAPNE
BLRZEAFPWHES, BaHAM Agent RRFE R TA
Agent ¥ T REMEHIKIR L, N A B & BEFHL TTFE
WEE, T Agent EFRER S BBIE. — 7, EREICHE
o F 2 AR R, B 8RB B A P AT AR
R, B, AR — NP X SR IR R, A Agent
SBREERNIFERHET AR AR EZ, TR ES¥ I
WM PR E . 5 —JrE, W BRSO, A
PERBIR BB T A Agent REH 4l Agent BB 2
AR, A PR AR B s A B i fl dao, 52
A AFE

2) A3 Agent, ZHli Agent 7E BEKJE MAS ) T &
BRAG, B TER 0K IRS S L, B B Agent
FIITRBOE 8 SR 1% 5 B B0 Rl & O AT 2 A AL B
At Agent B 54N Agent HATIEE., BN A Agent 5 R
5184, A Agent B ERIEE &GRS 2 BUEFE THE B
OEEHFOHEEEA,

3) GRS Agent, ZMEREHRABIMIFE IR AKX
BRI BEEEREWMERNBREMERE, FRE Agent A
St iE BRAR R IR B T U B . 2B B R BUE
R ERIREMBIERM AR, BN T IR, B8 T R
M BRI BB S R B .

&4 Agent W LR B7E 5 5 BB EE M IR IRA
. BRI, EEHEFINERE TFEZERFIMATFREE




%94

IRRF ATRERLNS Agent HILEE A% 2749

SRR E LA, T UG RS Agent WIREFF B7EX B4 |,
A Agent —ji2, SEIURAIR 5 SR HI RIS o

4) 0> Agent, H.0> Agent B B ME R BL B HAth Agent,
PR AL 4 Agent, {EAT— >4l Agent #R 2 H BB R &
MAS F)—IMFRE, AIFZ XN TRE, PO Agent FLRATT
XEEAH Agent B ALE HMATAE, ERFEHAFFE
BEAF I Agent, S INBLEMIBR— 1 Agent, H5b, BN
Al Agent AL MNERKARB AR TG, LHL A H Agent
MR,

HT MASHBEBRERLED, DA Agent 5 H Agent
HERR, E—FEEH P NRE RARE weSELE
FEIRLE AN Agent, FEH1 A Agent $45 B AZ B 45 L K4
RESMTESR: B T HERFRNREEL, EASH
B EER R GUEERER ., LA Agent R EERBEUER
R, BRI R & R E R e, B T M
2%, MTEAM Agent JEIF BB ER F.OMSS 48, LHAE
FIERG , AR Agent, T Agent T —F 7RG
B, B DM Agent FEL Agent EH ALK —1
TURAGE, A A Agent ZR iy 0> Agent 58— WM A B B,
Frl> Agent ATIAH Agent FIBLE B {55 TR,

XA T IO Agent B BESIRSE T REMUIRAMERN
ZEME, FRRG TR RGERITEE, AXH& 4 Agent B )
REFEMTEAA 41, PEAR B TR BRI R A AR,

3 HET ANFIS Bt & i % & % R 8 g

3.1 BEEREsREEREGER

MAS 275 T & R E RGN LR setk S e g
JEHIZ BAR DL SRAR L T HORSZHF, {BF F MAS FRER A B
ERBREBERAER N ZHEZEEEE, AR REEEE X
Fro &R Agent WA ML IRER SR , A Agent (RERIFH P
AR A A H Agent JTTEH RS FANHTTRLG S
TR RE SR A PITER . X IR Ownibus ZIRESR
Bh-E AR R | E 1) R R AR W W) . Omnibus
EER A A BRI b 28 M — AP CR AT LA O L 1)
R ATHEANB B, W B B E R B AE S A, e
) BB S B L B R E SR B, PSR Iy B A48 T SRl e A0
R SCARE BT B R R ) S RIR B AR B E 1)
RAR R SAR R & 1R, B I BIPR EPOR R R & R, A
PR B PAT R R R AR, T e, NEE T R TS
A E R, NTTE R — AT, RS BER& B B LB
FmA R ¥ R E R R, BUMNIIE TR . RIRKRR
FRMBIEN 2 MRIZAE, FEFANEMUBENEEE
AT E R R B B OR A RES M B O IR Y
KT IR BAR 4 — B 2 R A E . BATIRERE, R
BT RERCES , R TR B E R EAL A, AR

2 Omnibus TR G382, S T —ET HIE WA
MR RR(ANFRS) HERRELZHELMEHE, K
NI 3 BTN . WD B B, SR UYL N F R A
R P R AR B A2 BT Agent P, S R IRAS Agent HI%K
B AL SR SR ST B d L R AT
GG, MR E A P E R B, ER i BREETIE
PRACPEA | 5 b AR S R RS IR T B . 2 1)

B AR R E SR T RS S, B RE B EN T
IR LABEFT AR ] . AR SR A B 18 AR A B R
L (ANFIS) /F y R EMIEHIBIE , N ERNRAEFITER K
R AP RFINAT B, B A BN E B %E B (Fuzy
Inference System, FIS) f{) 7 B8 BB X DR SRAT M o

wok | [Eock
[(ERERRmE B A
(=] L] A RIS
. B . FHAEEL g
NMETAN PRECRL &
T e e AN~ B
LIMEIN: & R AR AT i
= *% Eh
NN AV R
B 12 B840
1 R T
EREmE FEABE RS

K3 BReEEE%E SR e

WAERIR A Omnibus BEBLEY) B AHELR  (RZEANYT A —
Seg, —J7 1, OmnibosNRE R 4 X £ (2 R AR EUR Rl &
TME R G RAT R OB HREL IR ERBERIE. Hln, ERE
ARG IA R SR BEREUE BORE RS R B BR
TS AT AN MR R G, PSR A AR TR
el PR B B2 , A AT BB 58 2% MUFCk R & 1 2.
W, AR R T IR, TR AR B B R BURIRH, Z R E
PR FRE I, A5 A4 R R AR O B FIAR 5 15 BB & H 4T IT
REFT BB DK, B, A SCRRER SR R 5
PRI R DR TR R A
3.2 BT ANFIS BRI RN A PITAES

ANFIS & — RSB 2 R A 2 T R 46 A HL45 & BN
EHAGEN, ERARAEREENRD RENESHE
BT RIR S B SR, I 68 B 3177 4L if-then JEW], A7
FA ANFIS J5 v LU B A T AR R M R R EAR

8/ ANFIS ik , B A B N IEH R RIUE — R 7 if-then
HEFEAL , 5 P B ASORA 9 BEAR Y Oy Takagi-Sugeno R AU, H 8t
BUHETHHL IR «

ifx e ANye B,thenz = f,(x,y)

H: AR BAERHRTIRMBEM RS, 2 = fi(x,y) HEWTH
KR

flan, 7678 SR 23  HEBA R Ge B BRI ) b, P LA s XA
BB <

Rulel ;if Y B3R BER 38, 3¢ HE WA A, then T 058 BE
z =valuel ;

Rule2:if Yt HEGR EEAR 95, 7 HZE N A A, then ATHI5E BE
z =value ;

ANFIS Bk th AR M, G —ZHB ty A R D 8875 Ui o
HPE - ENRNET AR ERS, RAXMERF AT
M, BEEIFEEREEREXHENSEEH TR
REXBRD,

BRGA m MAR 2, %, %, %, , B HE AT H &
BORIAL NS H] , W] ANFIS B F B G5 535028 «

F—2 BEERNLE . BE RGN TR 22K,
BWANG SRR BB L. WA i



2750 H AR A

#34 %

Ol,j =M§I(xi) (1)
Hpa (i = 1,2, ,m) BYABMALME; £ =12, ,n5j =
m xn; wy (%) ERBEERREENEERAME 1, H/ME0
HIPPTE R

J 2111-‘ -1

whe) = [1+ (552) ] (2)

He{al, 6], ABERBFRNRTRSE,
BEHNE, FRAGSHT AND"I2E, HiliHE
RN BB (A

Oz,k = wy = H#’ﬁ[(xi) (3)
i=1

Hk =12, ,n,
FBEE AR BN MR ESTIE— k.
R

0:, = w, = Wk/zl,wi (4)

oo N EE

FUZE LERIE, ZENERERS:

0., = wfi(dy +dix, + dyxy + -+ +dox,,) (5)
Hep {dg,dy,di, o dh | HTEBES I NS

BHZ ERMEE, 22 ANFIS FRAZER.:

0, = ZM = kZIwkfk/kZIwk (6)

TEA ORI A BB, R F ANFIS 2363047 K B 3
BRI A R WA P AT R A S, e
BB (0 BRI R R0 , T LIS P88 S BRI J o R R
(AR MR, BkT G B30 B R (1R L, RO A i
23] A RAT e A T4, 7 % B AT S A AT
B, T LR LT AM R B 1 I8 1 Ot S BB L DR 1
TSV P B o RO

4 GIREB LA

4.1 FEFAERZ

SCHR[ 8 1 sEBL T B Jiik A5\ Agent 7E Andriod FFHSCEE,
HARTRE R, FEVE LS Android FHLZ [R5 — MR
B MAS V-5, fFEVABREF N —MRARSML PG
Android FHL, — G IHEL, HHEVIIER Jade Agent I H
T.H Matlab Ml Java JF V-5, TE—f5 Android FH1 b IRE L
AR Agent M REML AR BRI Agent BB RGP &
ARG, EHEYLEAEAH Agent, I T ENAL AR 4R,
PR Bl SR A B A SCF A5 THE L B K Matlab 4R
HNE G HIHT TR B R BRI 0. ER—BFHE
HREAN Agent, I T HR L Agent LR %R
4.2 HEXBHEMRSHE

FFR BRSSO Android f&2/8#% F 5 min R4 7:00 F
16:55 3t 120 25 ' {3 32 0K P13 S B2 il , R ] )7 57 P
e 4 PR

SEXTHAZE BRI 28 K PG IR BB 0 20N - 55
(LS) . (LM) . 535 (LW) , ¥ KRS BEM 2 XN &/
(RH) & (RM) fK(RL) . RIEANKEBA N oHE &
TR A N AR R 9 A if-then HEFHLN , LRI

ST REE N R E B BRI ZR4 (80 A
FA (40 AMAEAS) |, Sead SR 18 — kb 38 )5 , B 3T Matlab
W3R T EA46 - 1 ANFIS Bkt B R RobHEm#T R,
H ANFIS Z5HmE 5 Jim.

10000 1000
—o— LR 1900
8000 | |- - KFH¥ESH 1800
1700
1 600
| 500
1400
1300
1200

nia) 100
40 60 80 100
MR 75
B4 S REER BERIR SRR B R 5

6000

JEHRaER B/ 1x

4000

KREHAESSIRE/(W - m™)

2000

0
o 20

S EAATRGH M ANFIS 54

231 80 AAHIEINGG , REF —EMHWZHSH
. BUE, RRERRETHA KB AN REEE,
AT LA A BB AT RORIT TR L AE . B BT REM
120 ZHEER R T IR K 6 BXS HBOR AT RIA
A7 80 AFARIRER/D,JF 40 HIREHA, AR EVRAE
AT LA BT L

72y

2y
o

R 03 [ mRED
{0 0.2 |--a-- ANFIS H#iH

60 8I0 1(I)0 120
R
6 AR ANFIS Hy i Bem it At R

MBENEFRBRREMGELEPTUER, ET
ANFIS B BRI A BRI R R B I h B A 174, AE
FREAE P RAERERGEY  BRFEHX SR,

5 #iE

AR L Agent REFIABRE I, WR R RRBIT T £
Agent FZZE LMo P EHLHBEA — 2 HITHCE:, & AT
RIEFHFEHULMA T REE, E Android P& AL ERE TIX
RERP-6 IR T ER AT, o8 T BIEA S IR R,
AT —E R B R BRI A B, R ANFIS 217
R EPHERM AP AT N o I RER LA SRR

20 40



%94

ZRRF A TREBEGNSE Ageem FRARE AR

2751

NP HIESSB T SWEIRNRLA R, RRKBIFTS5E %
MAS TERERGEM T G, FF 8 B W R B H M E S5
PREER KA SCHR BB L OE W B R

SE 3k

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

WANG Z, WANG L, DOUNIS A I, et al. Multi-Agent control sys-
tem with information fusion based comfort model for smart buildings
[J]. Applied Energy, 2012, 99(2012): 247 -254.

YANG R, WANG L. Development of multi-Agent system for build-
ing energy and comfort management based on occupant behaviors
[J]. Energy and Buildings, 2013, 56: 1 -7.

DOUNIS A I, CARAISCOS C. Advanced control systems engineer-
ing for energy and comfort management in a building environment —
a review|[ J]. Renewable and Sustainable Energy Reviews, 2009, 13
(6/7): 1246 - 1261.

EKWEVUGBE T, BROWN N, FAN D. A design model for building
occupancy detection using sensor fusion[ C]// DEST 2012: Pro-
ceedings of the 6th IEEE International Conference on Digital Ecosys-
tems Technologies. Piscataway: IEEE, 2012: 1 -6.

BUDYAL V R, MANVI S S. ANFIS and Agent based bandwidih
and delay aware anycast routing in mobile Ad Hoc networks [ J].
Joumnal of Network and Computer Applications 2014, 39: 140 -
151.

TROBEC LAH M, ZUPANCIC B, PETERNELJ J, et al. Daylight
lluminance control with fuzzy logic[ J]. Solar Energy, 2006, 80
(3): 307 -321.

KRISTL Z, KOSIR M, TROBEC LAH M, et al. Fuzzy control sy
tem for thermal and visual comfort in building[ J]. RenewablefEner*
gy, 2008, 33(4): 694 -702.

RAOL J R. Multi-sensor data fusion with Matlab? [[M]a,['S. 1. ];

[9]

[10]

[11]

[12]

[13]

[ 14]

[

CRC Press, 2009.

ZHANG H, YU Y. Modeling and simulation applying Adaptive
Neural-Fuzzy Inference System ( ANFIS) [ J]. Computer Simula-
tion, 2002, 19(4): 47 -49. (3R¥M, AEE. N AER M
SR TE 2R G0 (ANFIS) AT @M 5 05 B[] TR PLOY
2002, 19(4):47 -49)

JIANG J, MENG X, LI H, et al. Study on application of subtrac-
tive clustering and adaptive network-based fuzzy inference system in
network fault diagnosis [ J]. Computer Engineering and Applica-
tions, 2011, 47(8): 76 - 78. (M§#i%, MABM, 23R, 5. Wk
B 5-ANFIS 75 R BRiZ Wi i B BRI 1. HHREPL LR 551
FH,2011,47(8):76 -78.)

YU W, CHEN Y. Implementation of lightweight embedded Agent
on Android platform[ J], Computer Engineering, 2013, 39(7):
298 -301. (FT4L, B BE Rk A Agent 7E Android
& RSB, HHEHL TR, 2013, 39(7) : 298 —301)

JIANG L, LIU C, GUO X, et al. The design of intelligent lighting
system in college classroom[ JJ~Energy Procedia, 2012, 17( Part
A): 90 -95.

ASIF ul HAQ M, HASSAWM Y, ABDULLAH H, et al. A review
on lighting control (f@ehtiologies in commercial buildings, their per-
formance and’affecting factors[ J] . Renewable and Sustainable En-
ergy Revie#s, 2014, 33: 268 -279.

ZHANG, J) QIAO G, SONG G, et al. Group decision making based
antohémous control system for sireet lighting[ J]. Measurement,
2013, 46(1): 108 -116.

BHAVANI R G, KHAN M A. An intelligent simulation model for
blind position control in daylighting schemes in buildings [ J].
Building Simulation, 2009, 2(4): 253 -262.

(E#% 2737 ®)
S0k

[1]

[2]

[3]

[4]

[5]

[6]

[7]

MIRONOVSKII L A, SLAEV V A. General problems of metrology
and measurement technique: the stirp method/f trdnsforming signals
containing redundancy [ J]. Measuremenf\l'ethniques, 2011, 49
(7): 631 -630

ASHRAFI M Z, TANIAR D, SMITHK. A new approach of elimi-
nating redundant association rules [ C]// DEXA 2008: Proceedings
of the 15th International Conference on Database and Expert Systems
Applications, LNCS 3180. Berlin: Springer-Verlag, 2004: 465 —
474.

LANKA R, ODA K, YOSHIDA T. Active fault-tolerant system for
open distributed computing [ C]// ATC 2006: Proceedings of the
Third International Conference on Autonomic and Trusted Compu-
ting, LNCS 4158. Berlin: Springer-Verlag, 2012: 581 —590.
LAMPORT L. Using time instead of time out for fault-tolerant dis-
tributed systems [ J]. ACM Transactions on Programming Languages
and Systems, 1984, 6(2):254 -280.

MANIVAXINAN D, ROBERT H B, SINGHAL M. Finding consist-
ent global check points in a distributed computation [ J]. IEEE
Transactions on Parallel and Distributed Systems, 1997, 8(6): 623
-627.

WANG Y. Consistent global check points that contain a given set of
local check points [J]. IEEE Transactions on Computers, 2007,46
(4):456 —468

JIANG Q, LUO Y, MANIVANNAN D. An optimistic checkpointing

and message logging approach for consistent global checkpoint col-

[8]

[9]

[10]

[11]

[12]

[13]

lection in distributed systems [ J]. Joumnal of Parallel and Distribu-
ted Computing, 2008, 68(12): 1575 —1589.
BOURAS C, GKAMAS A, KARALIOTAS A, et al. Architecture
and performance evaluation for redundant multicast transmission sup-
porting adaptive QoS [ J]. Multimedia Tools and Applications,
2009,25(1): 85 -110.
GRAHAM R L. Approaches for parallel applications fault tolerance
[C1// PVM/MPI 2006: Proceedings of the 13th European PVM/
MPI User’s Group Meeting, Recent Advances in Parallel Virtual Ma-
chine and Message Passing Interface, LNCS 4192. Berlin: Springer-
Verlag, 2006: 215 -237.
KANG H G, SUNG T. An analysis of safety-critical digital systems
for risk-informed design [ J]. Reliability Engineering and System
Safety, 2012, 78(3): 307 -314.
KELLNER A, KOLINOWITZ H-J, URBAN G. A novel approach
to fault tolerant computing in space systems [ C]// Proceedings of
the 2010 IEEE Aerospace Conference. Washington, DC: IEEE
Computer Society, 2010, 3: 1127 - 1131.
SHUAI J, HUANG X, MA ], et al. Research on transient fault re-
covery of USB OTG communication [ J]. Computer Engineering,
2012, 38(14): 246 - 249. (43¢, #HHtg, DA, 4. USB
OTG 511 BR i ek L BFSE[T]. AP H AL LR, 2012, 38
(14):246 -249.)
LAI X, FENG D, CHU J. Research on distributed network fault
detection and recovery technique [ J]. Computer Engineering,
2010,46(24):73 —76. (R, AT, WL 20702 P45 Bk
Kl B K EHARPIFLI] . HHEPLTHE, 2010,36(24): 73 - 76. )



