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ABSTRACT

With the breakthrough of opto-electrical transducer technology, the publishment
and implement of IEC 61850, application of Ethernet network, and development of
intelligent breaker, technology of substation automation system is stepping into “digital
substation” stage. These new technologies above have brought significant reform to
substation automation system, and the protection equipments based on IEC 61850
(called digital protection in this paper) are popularized more and more, which brings
new challenges to relay device testing. Therefore it has important practical significance
and great applied value to research digital protection testing methods and develop new
testing systems.

After analyzing the requirement of digital protection test and current testing
solutions, this paper first chose the development of real time digital simulation testing
system as the research orientation. Simultaneously, this paper introduced the applied
technology of digital substation, which includes the contents and characteristics of IEC
61850, the working principle of electronic transducer, Merging Unit and Intelligent
Breaker, the communication mechanism and structure of process level in digital
substation.

Based on above, the paper discussed several ideas to establish an available real
time closed-loop testing system based on MATLAB, and then selected the xPC dual
system as the basement of the system. Utilizing the real time simulation system of xPC
and its Ethernet communication function, the paper built simulation models of Merging
Unit and Intelligent Breaker, which helped to realize the real time simulation of power
system and digital communication corresponding IEC61850. With the aid of Sampled
Values message and GOOSE message, a closed-loop testing system was constructed.

Then, based upon the simulation system constructed above, the paper developed
a digital relay protection testing system, via introducing the process of building typical
testing system, the development of GUI with MFC and MATLAB engine, and the
testing flow of using this system.

At last, analyzing its function requirements and communication performance ruled

by IEC61850, the digital protection testing system was evaluated in the paper, including

I
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Merging Unit performance test, GOOSE performance test and integration test. Result of
the evaluation showed that the system worked smoothly and the communication
performance was corresponding to [EC61850. Eventualy, target of the research topic

was achieved.

Key Words: IEC 61850, digital substation, real time digital simulation, digital

protection device, relay testing
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BREARERZ BIMTE, MEFNMEHAEEEN AU RETHIER, RE
% SCSM TN K2, TIAFELEH ACSL

(4) BRMBRHEEEREE S

IEC 61850 & X T EFa# BAFICES (XML) ) SCL & &, RRHBL AL
AR REBENRESERER. EAEEEANLRAENTRAES, &
v b SCL 1% XML EEMN, AR RbsiEl XML X, AF XMLEFER
HER S, 1B X b SCL M4E IEC 61850 % SMITE SUMTE, 1 i A X 4 ) BB A8
AR A SR A R R Rk B AL AL ARG R, LIT AR, BE
EE AR RIS R TR & Z I BB R 2R

2.3 WRATHRTEREE
2.3.1 BFRAEESR

1. HFR ARSI ER

M PR A% (Electronic Transducer) & B — R RAM ZIKFEHBH—
HEAHRAEERRAR, ATERELTHRIENE, RELTERH.
FEPEE. RIEESEMETFEEMA, fFRTEST U A FFEENTHE
RIFL, AE RAEEELEHH Rogowski 4B sK N R M BRI R CT 3REUK
M s E, FSERIRIRIN R, &% N R 2R AR B, &
[EHEATIE, FRFAIAETRASTETLE.
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b A X F M+ F 5 X

(D FFEHAFALES

FREAFALRSOTAERER: —RKNMREERBHEE,. BAGES
TR, HARERSEREHER, ERESEREANEES: REURTE
MEEHEIE, EERBENLESEEIRENSTESLE, EREEIRNA
§5. £LEEET, LTREFEFH—RMETFHBEFERRGEA S ER
THE, EAMRFEEREETE, FARLMEEREESERANEETE, dit
G MR IERF T HRREAZ Bt ERER AN XBERNEZ —,

HAT, ET Rogowski ZBIMHEL EFRERELEBEE LI RMK, EH
Bf. SRR, FUBRLFAZRE, REEER, E£8HRETBEB
KT ZHNR:; FHEERTRELERSNERAREBASERENRET
f, ERBEGRRBLSEAE RN, MATRFEHRAR. HHEENDERE
mIEE, TLEEEBHNERE.

(2) TR TFHLKAS

ERERFAEESE, NARCEXRE BR LRSS, KHEMNRAEER
, BIEMSRENZMEEEESR FtAERROAKEE. RIGERE
#H, TRAEETAEREE TS K.

ORI Ek A ke s VAT

LN R T R (A N v ) S P I P AR SR SR R A O M BB R T
BR. BEMERTRROGERERLBNE, R EERAT R
fREM.

@ R B i BB )

LR E R AR (Faraday) BAJGRUNE, BIVER(RIRIEHRdR T £ R+
KA R BRAL /R (Pockels) HICANL, B ARIITS A
RIARIE R T R AR R RUR .

HAT, ERRAA TR RS T, AT e 48 2007 J 2 0 e O L/ 8
HTFAIRE, TN AERER. TR SRS Rl g =R E
&% BREMR. BER, ERARBHEINLEEATFERIRE EXE
B rAHEERSTE, MeRXARERETEREDRBHEEESREL, X
REA AR BTSN M e T = AR AR R LI R R R, AT
TMERASRE.

>F=



bR KFMEF LRI

(3) PERERBHLLE

HER M TR EEH TAMAAREREMEHE, RAEEENR. Hid
BTFRmES S, DERETERBOGERE, BOTHRNER, RokiE
THEA TR ZEZHE RN EEENRE: F8eT TR ET LR
SAERSOEB RS, URZEE. AR RIBHEROEAME A HEELRL
WH B T TR AL A 2 EL AR AR A Al TH

2. R R E R3Sk B RE

FERRERT i FRER SR FHHETHXNER, AFEMTHLNTER
WA BT RAIMEEEOBA, o, fPAEFRAALKEN 16 HH 01CFH
(10 341 463), MEARFRERALRBIEF M ERADTFREELERNLT
i A AR 16 3B 2D41 H (10 B4 11585). §1& AT L/ R IR TS i
B — KR 50 15 (0%wF%) BR 20 £ (100%m#E) TILHEM, JF& ATlmi
JFR I ¥ PR IR B AR — IR AEL A G A TR R A
2.3.2 A8

&3HIE (MU, Merging Unit) R4 XT¥F L i i 7 UE SR T e v,
HESFB SO EEARIS, [EC 60044-8 I [EC 61850-9 5 KT
THE. EHEEASREASRERTFALAEMHEMRAMBLEAFER S,
ZAWLEE, HE-EHEETRREE ZRRPMNESRE. B, &F
BTE T RMEERS . B &2 A KSEE [EC 61850-9-1 FxHERIME, KA
AYURMTERE, REFFEERT

AHBTHERRMAET U N=FE: FSE. ZREERENL
B, SR RRINA. WEINAERIA A H R TER A 223 Fin. THEEN
R =N BRI,

(1) RS IEEARR

BE, BERIERA GPS KAHE SHTRS, FATREEBEERFHE DT 4 us.
RS Thas I B AL AR B4 — RIEFHIRAI GPS Helohli i a9 R U 10 Rk
(IPPS), ZRREE I B THBE R EARE &3 A/D BB RERPERES,
SR KA o

(2) B REMLHEIHRERIR

ZREMFRERBHTEONIEDRER, EEIFHETALE AD Bk

12




b A K F A+ F
BREFSHBRE ST, # RN 12 BB G5 SR R A R TR,
FRAGATLAKR (CRC) XM&H AD GHEIBETRAK, Ko, AFRT
BT X LR ST IE R S A B T A .

BEHADRIE
R85 300 R e 6
Qiﬁiggﬁ B
g\\\ Bk
L R
1 Bk BILLTE SR [Tov
] REENE A EHR | oomil £
f B
Rl i S o
TR ER
: NRCEZ ¢
T MERE I, & ERE
RIS R, JFRM
| FXRm AL R
B L HADE K
iR, B A
58, Koz BB R
REEE

H2-1 BFBTIEEE

(3) BEIEThREESR

RS & B E SR AT AN RIS R, WERE. HOEENT
IEC 60044-7/8 F1 IEC 61850-9-1/9-2 H & H HTLIHAE LM T ER Fl. FIZRETF
FI3 XM BTSRRI R, HEMIEE N 2.5Mbps. T HREE LR, Rl
TREE, REATHRBRERBENIE. ZFPSET, FEEET EEE
8802-2 #I ISO/IEC 8802-3 #x¥E, ISR FH A K M7 AT 3%, HFEHI & 100Mbps
HEFE, B 2R,
2.3.3 BREMRBLRE

IEC 62063 FRAERT S BEMTRE 88 1 & 1 S b “ LA B M A 1 s SR Ao
F, RAETHRE. GEREANTE TRAGWESOERIIE, EAEHN
Thke, RHAERMABHAE ", EHEMS% RO B BFR5. BARELE.
HALERE, REHFUMED, RBBENRRAS IEC 61850 FRUENIESHR
X, g, EER. REFEEHEL AN AL,

BRMRBENANBERNER LA TERBHET, ChHBERE, &
RERBIAR AR E 3 MEAMEIR AL, TAREE I 22, B sos: s o Bs b
BRI A RE WA LR, BRI R B R s T, H
WA BBZMRNBIEF R, AERER R RET M RMNE BRI EHEER
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LA XK FHLEF LB

MRS S, 2 UK s e T 2% T AL L T AR, AR T M B
SEOF AT R E A E 4 A B SERE, BT R t R 45 B
BN EREBRNASMES, SORFEh BB hi GRS AR, N
B U BOR LU S5 S R RIS A AR AR, AT BT, BITHLE
H B B B (2 B RO SRAER IR BI BT B, R BRI S S, L
R BN GG, o, ETRETEME R rER, EEHERU
REFRIES, D KSR RO TR, B R B A TR
FERERNBORFASRERR, BERRENNRRRETEREN AR
W, IR BAT IR LB R I, R B L BRI LA s 4
W, LAk RSRHURIERE BB ES RER.

KL%

7 i
#
% #
WHRE 277777 #INE | —
SR
; &
|  P—— ﬁ {7
S— f 5
5
JU mepmen Jb

EaHEHEE

B 2-2 FREMTIAR TR IR

BT, FEHENAR R, MR NBR ST IR E TRARNZL,
5[] B o oL L B 01 5 A RV AT SR MR RRCH 8 RE T B R R HE S R O KB S
Wi A TS R R B IEE, BRNESNLTREANBR. X
TRAHEWERSEARMIE, RS RSN AR, Bk
EEEB THNMRRANA. WREEEEHEEE —RRENRERE,
¥ B P AR T L B T B T R, 5 —IRR& L IR A&
B, 5TRREEITAEE. BHnsEESRARERP . NEREZHEL
B MR MM (GOOSE) LiHEEfESE. [MRERTRE LN
BRENBA RS, AR GOOSE e & EFIE R IT X & T, hiE Ml
BN AR B KR g, BA SRS R BRI,



b A K FH 4+ %42 4# X

2.4 WFPUTHUTRBRER

IEC 61850 & X% EFE RS #ED (ACSD FEARMBEENHAR: &/
% SBEAMBAMEATAEER. frEsnmsl, E5EREShEmRs, 8
NHTRBSEENAREREZEMER; FEHHRENT RO ERRE,
FENRATURESHREZ EEE. SRR EEmBkE a4 XmRT R
FEETRANEENRFEE IEC 61850 ke X T BRI S REEEEH(SAV)
A B A R E s F 4 (GOOSE) #A, H v SAV HIRI R FI T el
e RAIKARS, T GOOSE MBI MR T A B EH (i d . H%%) thififs
SEHLE, TR TSR K Y% . XAFHEEERSETRAEATEAE
B, B0
2.4.1 EHE/TREERER

ARBFEDARTER 3 HBRETRGEN: SXE. BPRSBOEAEAT
WE. RAEMTAEREEWETRRNIARRLTNATZ, CTESEEY
RZARANE AHERRRE, B— MRS MIEER (MEAE) HEMEK
F (BITIE) REBUENBEMRRT R, N 2-3 Fir, REEMEMBE &S
R SRR R AT E M SIRRE TS, RATEFIT & 2 R L BUR S5
(SendMessage). #=HIE % E (SetControlValue) FIHIRMEIXEL (GetDataValue)
TS, HPmCEmem L Eims.

R THETT R RATE AT B R ORI | AT S 0HR STAE 3R 45 O LR
ERBRERAHBRREENEENX N, H BE28 &L EdE. £ Sav
BARREWXMBEENRFERRM, BEHES SR, T GOOSE #3415
FrimifE RS, SR MEIEEN ATt P RiEE X

T PRI SR LIS T R FE LA, IEC 61850 SRt & X T A R 5%
ZERHBE S EBNEK, REEFRE—HERNINEEEEAR, BEAR
—&, GHTEFMEIGSBRUERERN, FAER, REAKSERRE
HRMBEREEFETR, KAEHFHEMRE, NERETRERTHEFET
KEEMERIEN %, EARRSERTBEIIERR S, dTBEAS>EREX
RSk S E R, GOOSE &4 R Al M MU e 4 M AT R E R AL,
P 2-4 FiRl,
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LA KFMREFAE® L

%A RS HED P BuIRY e ]

s - ' ke
R :
—_ )

I ik R

PEm—— FfauiuiiupuieupnpnppR NS
IR HE NN,

s (SendMessage)

HIBRR L}
WERITE
o VT (RS il v

FHEAR ﬁﬁw* e ,
‘—_— 7]
i

REEHIER FEHIBER

| . <

i

I

e .

. REREHN !
! i

& 2-3 w‘ﬁ%/ﬂ 5 mr:.zrw

A& 4y e [A]
L 21N
A NN RN
I A B I B NN
4 / !/ 1/} \ AN
P / ] \ AN
// // /AN \ N
-7 / // //l \\ AN
// // !l Il \ AN

]

|

|

|

|

[

/ \

£ @ 'TI‘TI*TZY Y T Y
! I | I

v

- fa R (RERITEM) FTEMA: (To) -BELMTT B EMS AT RERE 8] 484
Tn iﬁﬂiil‘ BT To, Te-— B PIAKIFE8 I 10 B AR O 1)

B 2-4 GOOSE RiEHHImEE

2.4.2 WIEREHANT

T %S BER AR T RAAMEFEIE, b TR REAENRAEEL
&SRS, [EC 61850 KA TiFEBIEMA IS (SCSM) 5%, K HHCEM
Bfg. FATHEFRE(EFEMES IEC 61850 MIE MR, Hus —RERE MM
S+TCP/IP+ISO/IEC8802.3 BB . 7% %] SAV #1 GOOSE R eI Rk
MBS, & TR ARSI, SCSM ENARETE X T il 34
it (PDU), &R FERBERE, 7% TCPAP thil, HEWHBIHIEERENY
HE, HRENNSEHE, NTRIETRERARELE.

(1) SAV 347

IEC 61850 FRUELE 9-1 F1 9-2 # 4 X T Bifh A T RAHER XA Fr € & 15
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b A RFHEF 42 # X

AR 55 B

© MHE: IEC 61850-9-1 Hik i1 #efz B2 8 1 I Fi i 4% 404 2. 7T (ASDU)
SEIRT. EIRAE T IEC 60044-7/8 HxHEX A HBILHEN, TEAS 2 BAHK, &
[EfE B RS B E B A BHERRAE B, SAV 3L APDU H FANRE B AR & 50
FERTAR, HPERAEIEENS [EC 60044-7/8 bR A SR EHR, R
SRR B EC 61850 & XM RIER T ARSI ZHAIR S IR EM .

APCI (BBt HIE8) ASDU (FFAfR %478 7m)

FRig 1.3 ASDU# % Hn | ASDU, ASDU; | weeeee ASDU,

&l 2-5 RAEFEMRICH APDU (MAHEEET) B

[EC 61850-9-2 i X HIRAEEM LAIAK A APDU MALTER, W& 2-5 B,
EHERENNBTLEBEX, T RiEH.

@ FARE: ASN.1 B—FZ BT, Tl U T SRR d i 2 2%
HMREMMMERE, ERTEA-BHNREARERNAER 2L HOHE, U
LURFREZARERE. FFAERCF GOOSE KA ASN.1 [f BER (%
AN xR MEIERATRIG, LUEEUKM E#ITES, RORRA
TLV, W& 2-6 Fi7R, Hn%. KEREAR. £F, TAG ATHIRfFICH RS
B, KEMTRR VALUE FRIKE; VALUE H THrilsaE T & iH.

% (TAG) K& (LENGTH) & (VALUE)
B 2-6 ASN.1 ZEA %D =,

IEC 61850-9-1 #] APDU RH T fa{L ¥ ASN.1 w5 AR, W& 2-7 iR, &M

FRARWMEHPHFRR (MsvID) REEME ., KR SR SN A A —Fh KA
(OCTET STRING) #1744, Fubdh )\FIF1T8; 9-2 RN RAEER T HI%
B A% $% M8 EiR BER 4Rid & XEITHB.

@ HEHEERRZ: IEC 61850-9-1 MUEH SAV RICHHER, 1 WIKEREH 111
T (BIE FCS MIWFTRIS1ES) MILLAMN, W0k 2-7 FiR.

ASDU BEAKRRKER 44 745, FEAIE ASDU sk, BEFH 4. KiE
K%, BERES. AR/ HEREHE. 12 BEBEOREE. REF., TS
RAFESE K e EREER 16 M8H; REFFCRAENIERS,
BREREREEY. XNASHTAURSBERHERETEN: FREHHBAX
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LA KXKFHREF LB
R SAV #OCHIRIE R BUAT AL R FIROCPHR SRS RS A R i
TR T RN R SAV RITHMH . ASDURSKIREKE N 21 3%, 41
SRAKEEML, ERAR 16 M RREARN ZHHRSES, ATREEH
HTH R VO M ERAE L.

WA/ FHKE j

"X 7 A OREE

s 1 | 112
[H/AEAE |6 Ul WREF |2
VAL 6 % REFHR |2
RER/E[TPID |2 | KFEHHEE |2
RSN [ TCT |2 El XHEZE |1
PUAREAPDU (10 & EERET ||
ASN. Thrid/KFE [ 2 ASDURR L |2
ASDUSHE 514 | 2 (L BETAR |1
Al ASDUR% |2 sl HEER |1
AlS| BETEE |1 Dl EEEEE |2
PID| BHEE |1 }UJ( I RERR |2
| EEEEE | S| A RRET |2
U {ﬁﬁmm 2 %1 REFZ/RE |9
4| BTN |2 g KRR |2
B BUEHER ]2 FHEZE |1
& weEn |2 EERAS |1
PUKMIWR SR |4

] 2-7 [EC 61850-9-1 & X SAV $RICHILAK AT 3

IEC 61850-9-1 E%t LA MM EAb H TEE T Mg, Heb: SAV HRCHI it
HEUTE & FF-FE-FF-FF-FF-FF, 41480k 952 % A 01-0C-CD-04-00-00 £ 01-0C-CD
-04-01-FF; R5cZbric b 0x8100, HRAEHHRAE N 4; LUKMEIK PDU K] LLAM
K A 0x88BA.

9-2 HAMEMAEMAE, HAELK, UARMBEXEEFEEBEHRTER 9-1
oy —FE. SAV RICHFA LUK Wik X348, APDU ALK KS 9-1 & XK
KA, {E ASDU B ERREARE, RIXKENE.

B ETT X IEC 61850-9-1 A1 9-2 52 X # SAV #RILH 44T, TATAT LAKNIE: 9-1
WEREREE, PAWKE, KA BRABOTE, MT EC61850-7-2 %
NI REE(E ASClI #ARMRS, B©RIH SendMSVMessage fR%, A3HF
GetMSVCBValues. SetMSVCBValues 2535 #HIR %, 078K HER B X G B
MEIRSE. Fi9-1 MBS kssd @ e, 8, &3 ASCI AL, 9-2 #F

18



b A K F M+ F B

AXFREE ASCI HEMEHRE, RTXHEERF IR ERREY
SendMSVMessage k% 4b, X FFM MMS BIBE, &Eid GetMSVCBValues.
SetMSVCBValues FHHIR I EL B RBEERSHISE, WMABER. FH
MEESH, TSRO E MBI RERETE, WX TREEYL,
HFFFRET . B 9-2 B 7 A R, ¥ ACSI BT Hth B %,

RE9-15 92 fE LR 5, {8 IEC 61850 FHEMIBIE ZAZ BT — 1
HOB, R 9-1 FRAERTIR & AT MR E IR A 51 9-2 bR AT XL F2
Ll LW,

(2) GOOSE 3L
O MAE: GOOSE MIKHAhNHIELT (PDU) WALKR, EC

61850-8-1 F4 tH T T ASN.1 BEMBAMIE, WFHFY,
IEC 61850 DEFINITIONS ::= BEGIN
IMPORTS Data FROM [SO-IEC-9506-2
IEC 61850-8-1 Specific Protocol ::= CHOICE {
gseMngtPdu [APPLICATION 0] IMPLICIT GSEMngtPdu,
goosePdu [APPLICATION 1] IMPLICIT IECGoosePdu,

IECGoosePdu ::= SEQUENCE {
gocbRef [0] IMPLICIT VISIBLE-STRING,
timeAllowedtoLive  [1] IMPLICIT INTEGER,

allData [11] IMPLICIT SEQUENCE OF Data,
security [12] ANY OPTIONAL,
}
END

%K ib# X% X+, DEFINITIONS, IMPORTS, CHOICE, IMPLICIT 0
SEQUENCE %24 ASN.1 1% FiRiE. H+: DEFINITIONS #8 T XHIELEH
(R LR FK 2 IEC 61850; IMPORTS #4135 th AEER 5] FI T ISO/IEC 9506-2( MMS)
HEXH Data B3, XM IECGoosePdu EXHITTE allData 1 E:/5 BENIE,
CHOICE RE RN —~HETIEFEENEE, 43¢ GOOSE R a4, TEELE
goosePdu, HirH 42 IECGoosePdu; IECGoosePdu Kk 13 Nt ERFEFIA
%, 4372 gocbRef. timeAllowedtoLive %, X 13 MTEHTAFHIEE R GOOSE
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bR KFME F A B

BRI ELAR.

® FTBE: M ASN.] # BER CEAGSMND XM HZ K PDU #1T
o

@ HE#BKE: GOOSE MICFAFERAUUKMMIMHEEA, HI Hiitn
FF-FF-FF-FF-FF-FF, ###t% 01-0C-CD-01-00-00 & 01-0C-CD-01-01-FF; {5t
SFRICH 0x8100, RAELHE K 4; LKA PDU i LLRM R 0x88B8.
2.4.3 BRUTHELBRERAR

HFUTHGEIRETEME RN ERBNNEE, B FXERSNAH L
7. BRI M. B, WTRFUERETREOMREER=HELE
X OBEMARBANMWESE, QRTRERENE RN HSE ORTALR
SR e g 22,

SRR
R

SRR

“wnz | [ arnn | [wens | [eeen | | ames | | oeeas

| | ooamss |

fal A % fFIRRB
& 2-8 SREHBTE
) HE—: dREERAYREREBMERE W 2-8 SRR A, BE AR
FRATRR RS, RAGANEEFEFXIARFEENMRERTERXE,
BNSR A 0 R R A 7 BN B ML EL AR T B 28
) FED: SREFHRFRALRENEMNRSE, wWE 28 FER B, [
W% BRI RS, EREAT AN AT, BIEREET IEC61850-9-1 [ £
mN AT E R T
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b A XKFMEF 428

D FR=: SEEXMETALRENE MRS (SRR SEER),
an 2-8 kS C, [BFR C KA TAFRRL, Fid &I ok ¥ L K S & 1L
ZHH (IEC 61850-9-2) RAFILAZEL. MRERESE WK BB T THE
B2 A GOOSE W% . GOOSE M4 5 K £ 45 M 4% B §ii LA =P 4 i 2 AT 524 2 4
FFE, KRB —LEEEL.

2.5 X¥/)Ng

I ROE AR, IEC61850 Aar. Ml LAAKMAE B — R &M T &
FURBHEMEARIEER, XA R R 0557 2% B RN AR
THRATRAMEREE K . AEERENBEHIEE HE— KR &M IEC61850 b3l
Bt £, WANATHFURRSSREBEOLINE, ABEEREH. R
RIS R RERE.
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h AR RFRE F4 %X

F=F LHNFHINRENR S

BT a0 e 7 % PO AR S i 0 B AR (4 (O S At _E SE IR S S 2 A UK I 1,
AT M FRPIAE R, BHRIFMEFFHML RN E.

MATLAB 72 Hi 3% [E ] Mathworks 22 5] B 1984 S JF8h#E & B — A AR T 2
HEMEFNIRHNEEATELARGE, TE—HEMEENEF IR EnmEK
fF, TUASKHITETE, HERR, BEAGE. BRI ETHL. R%ERT
B2E. MAERFTR (BHEERAFFERIT) S8, MATLAB EHWFH
RHEEH A

o REFHIIEF&MmIEIRGE

o FMHBGHMERFESE

o EBRHRBEE R

o TPEHIBURTT T R h R B B AL E Th
o MATEZHEREMTAH

o LHMBERFEOMEATE

o BRI RELMITE

Simulink & MATLAB R KZIAE TR, CRAWEERGA, SHE
GERES. BETEASH. RAKE. DERRSME, RADEREERS
BEFTENAERT ZHREEZ —. MATLAB/Simulink 2/ 3 N T HHR4H
T EFE,

AE FEAWTEE MATLAB/Simulink (558 _E SB Szot #0707 BRI BLA M
BREHFRTE.

3.1 MATLAB KRN 7 3% ik %
3.1.1 Simulink ffiR+48

Simulink EMATLABR E EMAMF 2 —, ERE—ANDERLRE. HENS
EAVMERFE, EZFEY, EEREPEER, MREEELHBENMY
BUAFHIE, MATHEHERORS. Simulink LA BN S0 FTEN R
ERH. WEER. MEH. RESHNE, DR ZNATESHERS. FENE
%, HFERHAEFESOBNEENGIES. NG KBS =F KRG
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LA XFREF LA
A ¥ A T B4 B KA T Simulink.

Simulink EMATLABH f—F i ML T L T &, &—FH TMATLABHAEE &
WERE, HTOIERMARSGER, SimulinkiZft T —MEBE T RERE-H -
BOGUD , XM R E B A R RERAETA. Simulinkal LUAE
SERRER AL, B ECRAER MR FE A R TR, EHSRLEERER
%, LHERATOARESEERFMRER, EUERTRE, EFHM
EMERK R R EREL K, REMTBITHE, HEIETRGTEEMK
FERAHTUBLZHTFREMNEENEER,

Simulink 8.4 T2 (AT ARG BEORGE, BEEAEREMM TR
PE. BAMGEDASEEIENERER: EEMEHISER, Wintegration
FUnit Delay; E 5, Sum, Product, Lookup Table; ES M, I Mux,
Switch, Bus Selector %. FIMEEREEY & T Simulink SRR I ZIRE, AHEXAIE
fiR. B, FS0E, #HZTRKNA, WSimscape, SimDriveline. SimHy
draulics. SimMechanics. SimPowerSystemsZ5 [ ML, SimPowerSystems 2 F
HERGHRE, A4 TEITWEEEATENRERL, BERTARE, 8
TR AR, MR, BABREMNERSERSE. MAEAREEN
SPS (SimPowerSystems) FErh (I ER AT LB BT R H RARE, SEHLEPY,
3.1.2 Real-Time Workshop f&j4}

Real-TimeWorkshop (3B TAEE)) #EASimulink#—AN EEIHRERR, £—
MALIES T A b (BFEMicrosoft Windows, UnixfIDSPH) iB1THI™d, &—F
SEI TR S, DA 2 M Simulink RS R P2 A AT A AR URARES (CTE K
AdsiEERIE), HEFMELEESHAES (BFEEHREMATE) LH
PUTHIRRRE. &0 RGBT B EIUR M T — £ RIEM 212, BidReal-Time Work-
shop ] LAZE T R AL 18 58 b SERTBAT (R ECAEY, T LAZE EALEAME - ENL LT R
E P ED,

Real-Time Workshop £ LA T ix &6 3 Z 45

1B M 52 25K I Simulink G 4L 1T (] RHEAL . A A REEEMRE RE
RER B AR

)P ARIB R 2T ALK, MTTRIE T HITHE .

DWRIBAHAHEY, SUELSHASEREH, WETEMEE T4,
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b R K F B+ F A ©% X

HBEYHERERF, WETEESHPK.

SYfeE F A € i Kmake SCHFE S B AR S, FETTLL B B BIRE 4

ORF T MR L HEGMBEEFE, FXFE=HEGRTA,

TIASimulink B H SIS AT UE REIET R F#ITEL AL,

8) BB AN B, M ERIE R SR B A AT . TR LIS R B 2
i Lo P

9)3K BN A ) B F BT F P S 75 R 1 B AT

#T'Real-Time Workshopf{iX L85, & EH T L TN HE:

DKM FER: & EAEMATLABISimulink F 2 #HI RAKE, KEET
Real-Time Workshop4: SUAZFFIRATE, EIRMIDS12/E 7T LA B S B R4 1
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GOOSER K E e i BB EE L, BB X RMAN (AW, AR
BAPDU (REF N EHE 4 70) AR IEC 61850-9- R FEERCITAPDURS A2
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typedef struct

{

ST CHAR svID [MAX_SMPVAL_SVID_LEN+1];/% SRAEFEHIERID*/

ST UINT16 SmpCnt; /* SREEVHEAR*/

ST UINT32 ConfRev; /* FCEMA*/

ST BOOLEAN SmpSynch; /% &% [FH*/

ST_UINT8 *SamplePtr; /* #&1HREEHURE TR */

ST_INT SampleLen; /* JHEEHEAT & 7550/

} SMPVAL_ASDU; /#* 9-2LE&#&iAIASDU*/
typedef struct

{

ST_UINT16 numASDU;/* &% ASDU/Mx/

SMPVAL_ASDU *asduArray;/* ASDUFF¥1*/

} SMPVAL_APDU: /% 9-2LE¥i i #APDU*/
typedef struct

{

ST _UINT16 tei; /% BRSNS EIEE %/

ST UINT16 etypelD; /% LAKMZKALID %/

ST UINT16 applD; /% RLFHFETID %/

} ETYPE_INFO; /% FEMFEANRUKMIER/
RIS, SBIHE TIRSCHASN. I HBMMRMGES, RELBREmERN-2. X

t, G EMNEE#IT, Bi%(sampleData-SmpSynch-...- svID)ys- numASDU-
Reserved 2- Reserved 1-...-TCIFIBF 1T, SR TLHE Value-Length-Tag )R
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